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CALCULATION OF SIZE OF HOME RANGE! 


By Don W. Hayne 


The purpose of this paper is to discuss methods used in calculating size of 
home range from the data at hand, which are usually records of repeated capture 
by live-trapping. This discussion will include a review of some fundamental 
considerations, and an examination of certain phases of the mechanics of live- 
trapping. 

The significance of home range as a biological concept in the life history of 
mammals was greatly clarified by Burt (1943). He pointed out that home 
range is the area over which the animals normally travel, and distinguished 
between home range and territory. This last concept is not discussed here. 

It seems that an understanding of the biological significance of an animal’s 
home range must include some knowledge of the intensity of use, by the animal, 
of various parts of the area. That different parts of the home range are used 
to different degrees is apparent from certain studies. Work of Adolph Murie 
(1936, 1940, and 1944) with red foxes, coyotes, and wolves, and that of Scott 
(1943, 1947) with red foxes shows that these animals make more intensive use 
of the area nearer the den site than they do of areas toward the periphery of 
their hunting grounds. Southern (1940), working with the European rabbit 
(Oryctolagus), found that the animals from the warren which he was observing 
ordinarily ranged out over the adjoining two acres, but made most intensive 
use of about one acre surrounding the warren, with the result that this area 
was much more heavily grazed. Blair (1942) considered the differing numbers of 
captures throughout their home ranges to be an index to the activity of Pero- 
myscus. Linsdale (1946) recorded many observations on intensity of use of 
home range by the California ground squirrel. 


Recognition that a home range is used with varying intensity raises the 
question of where the limit of such an area may be drawn. Burt (1943) spe- 
cifically excluded ‘‘occasional sallies outside the area, perhaps exploratory in 
nature,” while Allen (1943), studying squirrels, included both ‘‘the home range 
and the occasional longer movements”’ under the term “individual range.” Scott 
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(1943) recognized that the foxes may well have traveled beyond the limits of 
the lines within which he found their “sign.”” He stated, “It is reasonable, 
however, to consider the outlined area as all that is ecologically significant, 
especially as related to this investigation of food coactions.” 

It is important to recognize that when trapping data are interpreted in terms 
of home range, the assumption is implicit that the animal will be trapped over 
all of the “ecologically significant” area of its home range. Numerous authors 
have calculated home ranges from live-trapping records under the assumption 
that the animal will be caught throughout that part of its home range which is 
used to an important degree, and with the implied corollary that where the 
animal is not taken, beyond this area, it is not present. Difficulties inherent 
in this assumption will be discussed later, but for the present it may be stated 
that it has not usually been tested experimentally, or confirmed by other types 
of observation. There is some evidence that small mammals may be present 
yet escape traps for some time. Nicholson (1941) observed that a small pro- 
portion of the mice found in nest boxes were not taken in live traps set at the 
same time in the same study area. Both Evans (1942) and Hacker and Pearson 
(1946) mention animals presumably present upon the trapping area, yet not 
taken in traps during particular periods. 

It is significant that the animals concerning whose home ranges we have 
the best knowledge include not only the easily handled small mammals, but also 
some of the larger and more spectacular forms. Previously cited work of Murie 
and of Scott has furnished much data on the actual use made of areas by resident 
foxes, coyotes, and wolves. Even a publication intended to give practical direc- 
tions for the control of coyotes (Young and Dobyns, 1937) furnishes information 
on the varying intensity of use, by the animals, of areas about the den site, in- 
formation not available from many of the studies of small animals. 

This paradox has come about, of course, from the fact that activities of foxes 
and wolves may be watched directly or may be traced by various kinds of “sign.” 
Small mammals, on the other hand, are only occasionally directly observable 
for considerable periods, may be tracked only rarely, and usually are present in 
such numbers that individual “sign” cannot be recognized. On the other hand, 
small mammal trapping has been developed into a powerful tool for use in life 
history investigations, and many records of capture have become available 
incidental to other studies. At times these records seem to have been inter- 
preted directly in terms of movement without due consideration of the basic 
assumptions and limitations of the method. 

In a discussion of the activity of the California ground squirrel, Limsdale 
(1946) has criticized the interpretation of activity in terms of area. He points 
out that the activities of the animal are almost never within two-dimensional 
space, but that we consider all the points of activity as moved to a single plane 
in order to record and analyze these movements more easily. He further states 
that a boundary drawn upon the map enclosing the sites of action is our own 
abstraction, of no meaning to the animal itself, and that “These aids, however, 
are only a poor representation of what occurred on the ground, and they may 
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lead to a notion too simplified for adequate understanding.”’ To this may be 
added that when trapping records alone are considered, only a certain selected 
set of points of activity of the animal is known, and it has not been demonstrated 
that these trapping observations reveal the normal activity of the animal in 
relation to its home range. 

The various methods used for calculating size of home range may now be dis- 
cussed, while bearing in mind the difficulties of interpreting trapping data in 
terms of home range. The methods may conveniently be considered under 
three classifications: those using only the area enclosed by the points of capture, 
those adding to this area a boundary zone to compensate for the lack of traps 
in the boundary area, and those considering the greatest distance between 
points of capture to be the major axis of the home range area, whether they 
proceed farther and compute an area or leave that to the reader. There are 
logical arguments for the use of each one of these general methods, but there is a 
decided lack of experimental confirmation of the logic. 

Lines connecting the outside points of capture of an animal will form a polygon, 
if the points of capture themselves do not all lie on one line. The area of this 
polygon, termed “‘minimum home range”? by Mohr (1947), may be measured. 
This method of calculating home range area has been used by Dalke and Sime 
(1938), Lay (1942), Schwartz (1941), and Storer, Evans, and Palmer (1944). 
Arguments in favor of this method are that the outside points of capture enclose 
an area within which the animal was known without doubt to have been present. 
Users of this method feel that home range should be stated in a conservative 
manner, as known to be of at least a certain size. Critics of the method point 
out that it is extremely unlikely that the home range of more than a very few 
animals would coincide exactly with the distribution pattern of the traps, and 
that in most cases the home range would extend for some distance beyond the 
traps where the animal was captured. Also, when an animal is taken in two 
traps only, or in several traps in a straight line, no estimate of home range may 
be made. 

In order to meet the difficulties in the previous system, a number of workers 
have adopted some method of extending the estimated home range a distance 
beyond the actual points of capture, usually equal to one-half the distance to 
the next trap. This system assumes that the home range extends beyond the 
outside points of capture for different distances with different animals, some 
animals perhaps being caught in a trap at the extreme edge of their home range, 
wiile other animals extend their activity almost but not quite to the next trap, 
in which they are not captured. As an attempt to average these different 
distances, each animal is credited with one-half of the distance to the next trap. 
The chief argument for this system has already been covered above in the 
criticism on the first system, that an arbitrary system of trap setting could be 
expected to coincide exactly with the home ranges of resident animals only 
rarely. Criticism of this general system centers about the addition, to the known 
or “minimum” home range, of a boundary strip where the animal was not surely 
known to range. Mohr (1947) believed that this system of adding a boundary 
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area is responsible to a large degree for the lack of consistency among various 
investigators reporting home ranges of certain mammals. This criticism will 
be considered a little later in the prese:-t paper. 

The system of adding a boundary strip of one-half the distance to the next 
trap is applied in two different 1 .anners by two groups of investigators. Burt 
(1940, 1943), Evans and Holdenried (1943), Stickel (1946a), and Baker (1946) 
use a method of drawing the line about the points of capture which excludes, 
so far as possible, traps where the animal was not taken. The resulting figure 
is regular or irregular depending upon the pattern and dispersion of the points 
of capture. This method allows the investigator considerable discretion in 
drawing the lines according to his personal knowledge of the habitat and animals 
concerned, and is logically consistent with the statement of Burt (1943) that 
“Many home ranges probably are somewhat ameboid in outline, and to connect 
the outlying points gives a false impression of the actual area covered.” A criti- 
cism of this method might be that it is subjective in that probably no two in- 
dependent investigators, given the same set of data, would arrive at precisely 
the same results. 

The other variation of this general method of adding a boundary strip ex- 
tending halfway to the next trap is that used by Blair (1940, 1941), Haugen 
(1942), and Allen (1943). Lines bounding the home range are drawn according 
to an arbitrary set of rules, by which the same configuration of points of capture 
produces the same geometrical figure corresponding to the estimated home 
range of the animal. This system accepts the presence within the home range 
of traps which the animal may not visit during the relatively short series of 
trapping periods (Blair, 1942). Arguments for this system are that it is en- 
tirely objective, and that the plotting and measurement of the home range are 
simple, being entirely mechanical. Criticisms of this method are that it is 
too mechanical and does not allow the individual interpretation of the data by 
an investigator knowing the area, and that it tends to exaggerate size of home 
range by including all areas between outlying points, some of which may not be 
inhabited by the animal in question. Obviously, these two variations of the 
general method will differ most in their interpretation of trapping data where 
the points of capture lie in the shape of a crescent or a U. 

In comparison of a number of studies where home range has been calculated, 
Mohr (1947) has come to the conclusion that the most consistent results are 
obtained by using the method of connecting outlying points of capture into a 
polygon, and that the use of larger grids gives larger calculated home ranges 
under otherwise identical conditions (the term grid being used apparently in 
reference to the area bounded by four adjacent traps). He shows that in cer- 
tain published studies, differences in the calculated home ranges may be due 
to the use of different methods of calculating the areas—starting from similar 
sets of field data. He states further that as the size of grids used is increased, 
the boundary area added (as one-half the distance to the next trap) becomes 
more important compared with the area of the “minimum” home range and con- 
cludes that a system of small grids is more likely to yield a correct estimate. 
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Viewed as a statement that a more precise instrument will yield a more accurate 
measurement, this conclusion cannot be questioned. However, the discussion 
from a theoretical point of view apparently is based upon the assumption that 
animals will be captured upon the identical “minimum” home range no matter 
what the distance between the traps. This assumption is directly opposed to 
that made by those workers who add a margin of half the distance to the next 
trap, namely, that if traps were placed in this between-trap zone the animal 
would then extend its demonstrated “minimum home range” to some further 
points, but still short of the true limits of the home range by a distance equal 
on the average to half the distance between the traps now present. It seems 
desirable to repeat that this distinction is as yet one of logic unsupported by 
experimental evidence. 

A third method of inferring home range from trapping records uses the greatest 
distance observed between points of capture. Burt (1940) has made some use 
of this method, as have Holdenried (1940), Evans and Holdenried (1943), and 
Linsdale (1946). Other workers, including Lay (1942), Stuewer (1943), Stickel 
(1946b), and Fitch (1947), have calculated home ranges under the assumption 
that the greatest distance between points of capture constitutes the diameter of 
a circle, or the major axis of an ellipse, which is the animal’s home range. The 
workers employing this method of calculation have done so with reservations as 
to its application to individual cases. The maximum distance between points 
of capture is felt to be the most imporiant clue to the home range, since it repre- 
sents the maximum distance moved by the animal within the period of investi- 
gation and to the certain knowledge of the investigator. Criticism of this method 
is on the basis that it assumes home ranges to be essentially circular in pattern, 
and when calculated in this manner, home ranges ordinarily include much area 
where the animal was not taken in a trap. Whether, in fact, these greater dis- 
tances between points of capture are the actual maximum distances traveled by 
the animal during the time of the study depends, again, upon the assumption 
that the animal will unfailingly reveal the border of its home range by appearing 
in at least a few of the most remote traps. 

Calculating home ranges from trapping records by any of the systems de- 
scribed above involves the same assumption, that animals do not range to any 
important degree beyond the areas where trapped, into areas occupied by the 
traps which did not take the animals. The first system of calculation holds most 
closely to this assumption, while the other systems depart successively farther 
from it in the order discussed. 

The interpretation of the homing behavior of small mammals when released 
at a distance from the point of capture does not properly fit under any of the 
three methods of caiculating home range previously discussed. However, as 
Chitty (1937) pointed out, one explanation of such homing behavior might be 
that the animals have a much larger home range than is realized. In a note 
entitled “Rabbits Range at Least a Mile,” in the annual report of the Wisconsin 
Agricultural Experiment Station (Clark and Hoveland, 1939), it is stated, on the 
basis of homing data, that breeding populations of cottontail rabbits mix for as 
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far as a mile. Kendeigh (1944), in discussing the homing of two mice over a 
distance of at least 800 feet, states that this behavior “indicates a good knowl- 
edge of terrain over an area probably wider than their usual home range.” 

Whatever the interpretation placed upon the trapping results, there remains 
the problem of presentation of trapping data in a meaningful way to illustrate 
the fact that the points of capture are grouped within a restricted area, and that 
the frequency of capture is less on the periphery than toward the center of the 
area. A number of workers, including Murie and Murie (1931), Chitty (1937), 
Linsdale (1946), McDougall (1946), Aldous (1947), Fitch (1948), and Jordan 
(1948), have presented trapping data as frequencies of various distances between 
points of consecutive capture. There is a tendency to consider these data as 
revealing directly the distances traveled. Such tables are difficult to interpret 
in terms of activity, especially since, as shown by Chitty (1937), the combina- 
tions of traps permitting the greater distances between points of capture are less 
numerous than those allowing the shorter distances to be recorded. 

Another method of stating trapping results is suggested here. A point may 
be determined which is the geographic center of all points of capture, and from 
this point all distances to points of capture may be measured. Being based upon 
what knowledge we have of at least the trap-frequenting activity of the animal, 
such a point may be termed ‘‘center of activity.” This term has been in general 
use by a number of workers; for example, Scott (1947), when describing the over- 
lap of the “theaters of activity” of two resident fox families, stated that “the 
centers of activity were widely separated.” In the present paper the term is 
given a particular meaning in relation to the distribution of points of capture. 

The center of activity may be computed in the following manner. First, a 
system of rectangular coordinates must be set up on the map showing the lo- 
cation of the traps. Often this has been done for the purpose of designating 
the location of traps or of observations. Numerical values are assigned to po- 
sitions along these coordinates. The position of each point of capture of an 
animal, then, may be defined according to its location in relation to each of the 
two axes of the coordinate system. The center of activity may be located by 
averaging separately all locations along the vertical axis, and all locations along 
the horizontal axis. The two values which will result from this procedure are 
the two coordinates of the point here termed the center of activity. This point 
may be viewed as a two-dimensional average of a group of points. 

For purposes of illustration, a hypothetical set of data is illustrated in Figure 
1. The traps, represented by dots, are set in rows and columns equally spaced. 
The location of each trap is designated by a letter indicating the row in which it 
lies and a number indicating the column. The trap location enclosed in a circle 
indicates that the animal was captured at that point. The numeral 2 beside 
trap E-11 indicates that the animal was taken twice there. Thus the animal 
was taken once in each of the traps D-10, D-12, F-10, G-12, H-11, and taken 
twice in trap E-11. If we consider the captures only according to row (vertical 
direction in Fig. 1) the animal was taken twice in row D, twice in row E, and 
once in each of rows F, G, and H. Since these letter designations cannot be 
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a averaged, numerical values may be assigned to the letters, as for example equat- 
:. ing D to one, E to two, F to three, and so forth. The exact series of numbers 
used is not important, so long as their spacing agrees with the spacing of the 
s letters. Averaging these numbers, the mean value lies at a point 4/7 of the way 


CENTER OF ACTIVITY 
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it Fic. 1.—Diagram of a hypothetical distribution of traps and points of capture to illus- 
sle trate the determination of a center of activity, located here at the point 10.9, E. 6. 


al between the numbers corresponding to E and to F. The vertical (row) coordi- 
en nate of the center of activity is thus designated as E.6. The horizontal (column) 
sal coordinate of the center of activity, namely, 10.9, is obtained by proceeding in 
nd exactly the same fashion, using the distribution of captures in the columns. The 
be center of activity, as revealed by seven captures of this animal, lies at the point 
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10.9, E.6. From this point, the actual distances to points of capture may be 
measured. 

It is quite possible to estimate the location of a center of activity by inspection 
of a number of points of capture. The advantage of the mathematical technique 
suggested above is that some allowance is made for the greater importance of 
those points of capture where the animal was taken more than once. Johnson 
(1926), Blair (1942), and others have pointed out the greater significance of 
those traps where the animal is taken on numerous occasions. 

There is a certain temptation to identify the center of activity with the home 
site of the animal. This cannot be done, since this point has not necessarily any 
biological significance apart from being an average of points of capture. In fact, 
the implication inherent in the algebra that relative importance is according to 
the first power both of distance and of number of points of capture is entirely 
unproven. 

Once obtained, the points representing the center of activity may be used in 
several ways. Fitch (1947) apparently refers to centers of activity as here de- 
fined when he uses the central points of individual home ranges to illustrate the 
distribution of animals on an experimental area. When a series of measure- 
ments from points of capture to the center of activity is available, and the animal 
is then taken at a somewhat greater distance, statistical methods may be used 
to determine whether the greater departure from the center of activity might be 
expected in terms of past performance, or may represent a change in activity of 
the animal, or possibly a change in the home site. Similarly, two set: of points 
of capture may be compared to determine whether apparent centers of activity 
may be estimates of the same point. 

A use was made of centers of activity in a study of meadow voles (Microtus) 
carried out by the author. All mice were removed, as captured, from a one-acre 
plot, and it was desired to know whether those mice resident in an adjacent 
area, which were not captured during the evacuation trapping, shifted their home 
ranges toward the one-acre plot during the trapping period. By live-trapping the 
adjacent area before and after the evacuation trapping, it was determined that 
the centers of activity of the surviving animals did not shift appreciably during 
the experiment. 

An example of distances of points of capture from the center of activity is 
shown in Table 1. These data, gathered in the preliminary trapping of the ex- 
periment mentioned above, summarize all capture records of ninety resident 
adult animals caught twice or more during the period of sixteen days. The 
traps were set in a 60-foot grid, covering a little more than eight acres. Animals 
termed residents exclude those whose center of activity fell between the outer 
two rows of traps. It may be noted that the males, in general, were captured at 
somewhat greater distances than were the females, and that most of the captures 
took place within a short distance from the center of activity. 

In relating trapping records to a concept of the home range of the animal, 
three closely related problems are especially troublesome. One of these has 
already been mentioned, that we have no experimental evidence that the area 
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over which the animal is trapped coincides exactly with the area over which it 
has traveled during the same period. The second problem concerns the question 
of intensity of the use of the home range and whether the frequency of capture 
is a direct index of intensity of use of that particular portion of the home range. 
The third question concerns the possibility that traps nearer the home site will 
interfere with the normal activities of the animal and produce an apparent home 
range smaller than the true home range. No solution can be offered to these 
problems at present, but certain considerations may be discussed. 

The number of traps available to an animal near its center of activity is far 
less than the number available on the periphery of its home range. The number 
of traps per unit area, of course, is identical in both locations, but the number 
of traps at a given distance from any point increases as the distance increases 
according to a regular rule. Thus, if the number of traps in a small circular 
area, of radius here designated w, at the center of a home range is considered to 
be a unit number of traps, then the number of traps to be found within a band 
of width w about the edge of this circular area will be three times the unit number 
of traps, the number within the next outside band will be five times the unit 
number, and so on, each succeeding band containing a larger number of traps 
in the order of a series of odd numbers. This relationship may also be stated in 
a. formula as follows: 


N =f 
where 
N = average number of traps to be found in the circular band defined by r 


and w 

w = width of band 

r = distance from middle of band to the point considered 

d = distance between traps set in a regular grid pattern. 

The numbers of traps for the stated distances have been computed in Table 1. 

The distribution of the number of captures in relation to the center of activity 
takes on added significance when the distribution of the traps is considered. 
The greatest number of captures in given traps occurs in the area where the 
traps are fewest in number, while on the periphery of the area where the animal 
is trapped, many more traps take the animal only a few times. In Table 1, the 
number of captures has been divided by the number of traps to give an index 
value which is proportional to the number of captures per trap at the various 
distances from the center of activity. This, of course, is not the true value of 
captures per trap, since it is computed from a summary of the data. It is clear, 
however, that there are great differences when comparing the number of captures 
made by a trap near the center of activity and the number made by a more 
distant trap. 

The relative frequency of capture per trap has been interpreted in a general 
way by a number of workers to represent activity in that portion of the home 
range. Johnson (1926) came to this conclusion in one of the earliest live-trapping 
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studies, and Blair (1942), in a paper previously cited, stated “In general, the 
amount of use of a given part of its home range by a mouse should vary in direct 
proportion to the number of times that it was caught there.” On the other 
hand, the possibility that traps in one portion of the home range may interfere 
with capture in another part has been acknowledged by several, including Chitty 
(1937), Blair (1941, 1942), Evans (1942), and Mohr (1947). Reasoning from 
this, one must conclude that relative frequency of capture per trap is not a de- 
pendable index to norma! activity. 


TasBLe 1.—Distribulion, according to distance from apparent center of activity, of number of 
captures, average number of traps, and index proportional to captures per trap; data relating 
to 90 adult meadow voles captured twice or oftener. Traps spaced 20 yards apart in a 
rectangular grid pattern 


0 ! 
(comPuTED) ‘Index = | |Index 
yards | | 
0- 4.5 16 73* 456 34* 212 
4.5- 9.5 55 29 53 27 19 
9.5-14.5 94 31 33 22 23 
14.5-19.5 1.34 2 15 14 10 
19.5-24.5 1.73 5 3 16 9.2 
24.5-29.5 2.12 1 5 10 4.7 
29.5-34.5 2.51 } 7 2 5 
34.5-39.5 2.91 4 3 1 
39.5-44.5 3.30 1 | 3 } . 
44.5-49.5 3.69 1 3 2 a 
49.5-54.5 4.08 \ 3 7 
54.5-59.5 4.48 1 \ 
59.5-64.5 4.87 4 3 
64.5-69.5 5.26 .2 
Over 69.5 | .02 
(69.5-130) | 94.80 | 1 01 2 


animal was captured in only one trap. 


The frequency of capture of an animal by a single trap placed at a particular 
point in the animal’s home range might be taken as an index of activity at that 
spot. At least, such information might be the best clue, obtainable from trap- 
ping data alone, to the activity of the animal. Such values, however, cannot be 
obtained directly from the data under discussion, since these apply to an entire 
set of traps, and not to the basic relationship between one animal and one trap. 

Probability of capture at various points might furnish a means of describing 
trap-frequenting activity. The idea that the relationship between an animal 
and a set of traps can be expressed in terms of probability may be advanced here 
only as a working hypothesis. Although the increasing use of the ‘Lincoln 
Index” technique for estimating populations argues a growing acceptance of the 
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+4 * Including records of 19 females taken 51 times and 10 males taken 29 times, where 
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probability concept, much further work must be done in testing its usefulness. 
For the present, however, it seems to offer a language for describing the me- 
chanics of trapping, as well as a possible tool to further understanding. 

In order to proceed farther with the question of probability of capture, it is 
necessary to state certain basic relationships in terms of the theory of probability. 
If the probability of an event happening is represented as p and the probability 
of the event not happening is represented as g, then the sum of the two proba- 
bilities is unity (p + q = 1). If either probability is known, then the other is 
easily obtained by subtracting the known probability from 1.0. If there are two 
independent events, each with its own probability of happening, then the proba- 
bility that both will happen is the product of the two probabilities. The proba- 
bility of an event happening 7 times in a row is equal to the probability of its 
happening once raised to the nth power. Thus, if there is any probability at all 
of the event not happening, the probability of it happening once is less than 1.0, 
and the probability of repeated occurrence is less than the probability of hap- 
pening once. Finally, the expansion of the binomial expression (p + q)" gives 
the probabilities for all combinations of an event happening and not happening 
during » trials. This summary ray be supplemented by reference to a text- 
book of algebra or statistics. 

As applied to the relationship between one animal and a single trap, the proba- 
bility of the animal being captured (p) equals the proportion of trapping periods 
during which, on the average, the animal will be taken. Likewise, the proba- 
bility of escape (q) equals the proportion of trials when the animal will not be 
captured. Upon repeated trials or a series of trapping periods, the probability 
of escape for all periods is g", and the difference between this value and 1.0 gives 
the probability of the animal being captured at least once during this time. 

This concept may be extended to the relationship between an animal and the 
entire set of traps occurring within its home range boundaries. Whatever may 
be the factors influencing probability of capture, it is quite possible that the 
animal! will stand in different hazard of capture by each of the traps. If we 
knew the value of the probability of capture for each trap, and the corresponding 
probability of escape, then the probability of escape from the entire set for one 
trapping period would pe the product of all of the probabilities of escape from 
single traps. The probability of capture, then, would be the difference between 
this value of probability of escape from all traps and 1.0. This is the value 
apparent to the investigator, as expressed in the average frequency of appearance 
of animals in the traps. It is quite possible that each animal stands in its own 
unique relationship to the entire set of traps. 

Extending this relationship to a number of trapping periods, the probability 
of escape throughout the entire group of trapping periods becomes then the 
probability of escape during one period raised to a power equal to the number of 
periods. The probability of capture at least once during this series of trapping 
periods is again the difference between this value of probability of escape and 
unity. 

The application of probability to the question of calculating size of home range 
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lies in the fact that home range is calculated from the points of capture lying 
the farthest from the center of activity. The investigator uses only records of 
greatest distance of capture. The problem thus involves a double probability 
relationship, first, that the animal will be caught at all in the investigator’s set 
of traps, and second, that any particular capture of the animal will lie beyond a 
certain distance from the center of activity. This probability of capture beyond 
a certain distance appears to be a complex quantity, involving not only capture 
beyond the distance, but also escape from traps closer to the center of activity 


TaBLe 2.—Distribution, according to distance from apparent center of activity, first, 
of proportion of captures, and second, of calculated probability of escape beyond the given 
distance (that is, probability that all captures will be within the given distance). These 
values have been computed from the data in Table 1 


! PROPORTION OF PROBABILITY OF ESCAPE BEYOND INNER LIMIT OF ZONE POR STATED 


CAPTURES NUMBER OF TIMES CAPTURED 
| Females Males 


| 
| 

yards | | 
O- 4.5 429 | .000 | .000 | .000  .000 | .000 
4.5- 9.5 170.196 | .429 | 014 246 060 .001 
9.5-14.5 | .182 | .159 | .609 | .350 | .442 | .195 | .017 
14.5-19.5 | .118 | .102 | .781 | .610 .201 | .601 .361 | .078 
19.5-24.5 | | 116 | .808 .587 | .703 | .494 | .172 
24.5-29.5 | .006 | .073 | .928 .861  .688 | 
29.5-34.5 014 | 984 .892 .565 
34.5-39.5 | .024 | .022 | .9384 | 872 .711 | .906 .821 | .610 
39.5-44.5 .006 | 958 | .918 .807  .928 | .861 | .688 
44.5-49.5 006  .0i4  .964 | .929 .833 | .928 | .861 | .688 
49 .5-54.5 | 022 | .970 | .941 | .859 .942 | .887 | .742 
54.5-59.5 006 970 | .859 .833 
59.5-64.5 012 | .022  .976 | .953 | .886 | .964 .929 | .833 
64.5-69.5 | .006 988 | .976  .986 | .972 | .932 
Over 69.5 | .006 | | .904 | .988 | .970 | .986 | .982 


during the period when the capture beyond the stated distance takes place. As 
the distance from the center of activity is increased, more and more traps fall 
within the central zone, increasing the relative probability of capture in relation 
to the traps outside the distance being considered. 

By reason of the complications discussed above, it does not seem possible to 
evaluate the probability of capture of an animal by a single trap at various points 
throughout the area of capture from data referring to an entire set of traps, 
without making certain unjustified assumptions. The trapping behavior of an 
animal may, however, be considered in relation to an entire set of traps. 

The previously described set of field data may be examined from this point 
of view. In Table 1, the numbers of captures at the various distances may be 
viewed as reflecting the varying probability of capture. In Table 2, these same 
data have been expressed as the provortion of captures occurring at the various 
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distances, or the empirical values for probability that a capture will be at a 
certain distance. As will be explained later, these data are probably biased, but, 
for lack of better data, will be used to illustrate further discussion. 

Upon further capture, the average distance from the center of activity to the 
point of farthest capture, which is the basis for calculating home range, will 
increase, since the probability of escape beyond each of the distances will de- 
crease with repeated captures. Table 2 shows the probability of escape beyond 
the various distances, as revealed by the data. This value is the sum of the 
probabilities that a capture will be within the distance concerned. Raising the 
various probabilities of escape to a power equal to the number of captures should 
give an estimate of the probability of escape for that number of captures. This 
is, of course, the probability that all captures will be within the distance being 
considered. In Table 2, probabilities of escape beyond the various distances 
have been computed for twice and for five times captured to illustrate this point. 

The probability that the greatest distance of capture, upon which home range 
is calculated, will be at any particular distance may be calculated as the difference 
between the proper pair of successive terms of the distribution of probabilities 
of escape beyond various distances. In the present data, among the females 
during the first capture, the probability of escape beyond twenty yards is .899 
and beyond twenty-five yards is .928. The difference, .029, is the probability 
of capture between twenty and twenty-five yards from the center of activity. 
The probability of escape beyond twenty yards for five captures is reduced to 
587 and beyond twenty-five yards to .688, yielding a probability of .10i that 
the extreme distance of capture after five captures will be between twenty and 
twenty-five yards. 

The average of the extreme distances of capture for any number of captures 
may be computed, using the distribution of probabilities of capture for the num- 
ber of times captured. Figure 2 shows several average distances computed from 
the present data. It may be noted that while the average distance increases 
with increased number of captures, the rate of increase is greatest. between the 
first captures, and less between later captures. 

At least one other factor tends to make the apparent home range increase 
more rapidly during the first few captures than later. This might be termed 
the effect of the apparent center of activity departing from the true center of 
activity. If, for the moment, it is assumed that each capture is made at the 
same distance (d) from the center of activity, but in any direction from it, this 
effect may be illustrated as follows. 

At the first capture, only one point is established, and this gives no information 
concerning center of activity or home range. 

After the second capture, two points furnish some information. Both points 
will lie on the circle of radius (d) about the center of activity, but the second 
may lie at any point on this circle with relation to the first. The only distance 
measurable by the investigator will be that between the two points, and this will 
vary between zero when the two points coincide and twice (d) when the points 
lie on exactly opposite sides of the center of activity. This latter rare event will 
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be the only case where the distances from the apparent center of activity will 
equal the distances from the true center of activity, here (c). All other distances 
from the apparent center of activity will be less. 

After the third capture, many more possibilities exist for a configuration of 
points, but again the observed values for distances from points of capture to the 
apparent center of activity will equal the distances to the true center only when 
the points are evenly spaced, and the apparent coincides with the true center of 
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Fie. 2.—Average of the theoretical extreme distances of capture after a stated number 
of captures, computed from the data of Table 1. 


activity. All other values for observed distances will be less, varying down to 
zero when the three points of capture coincide. 

After the fourth, and after further captures, the same relationship holds, the 
distances from the apparent center of activity being less than the distances to 
the true center of activity except when the apparent and true centers coincide. 
However, with more and more captures, the departure of the apparent center of 
activity from the true center by any large amount becomes less and less likely, 
and the observed distances will approach the true distances more and more 
closely. The same relationship appears to hold when one abandons the tem- 
porary assumption of constant distance between center of activity and point of 
capture. 
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In statistical terminology, the idea may be described thus, that the variance 
of the points of capture about the true center of activity (or true mean) is the 
sum of the variance of the points about the apparent center (or apparent mean) 
plus the variance of the apparent center about the true center of activity. This 
last variance tends to decrease with additional captures, after the fashion of any 
mean of a sample. At the same time, the variance about the apparent center 
tends to increase and approach the variance about the true center of activity. 

It is probable that the data in Table 1 are biased, since some distances from 
centers of activity are determined upon as few as two captures, and are likely 
to be underestimates of true values. Certainly the zero values resulting when 
an animal is taken in only one trap have this fault. Yet discarding these data 
would introduce bias of another type. 

Thus, there may be postulated at least two factors inherent in the mechanics 
of trapping which tend to produce a more rapid increase in apparent home range 
during the first captures than is observed later. Haugen (1942) observed, as 
have other workers, that apparent size of home range increases with additional 
captures, but may tend to reach an apparently maximum size, subject to con- 
siderable variation. Haugen’s interpretation was that ‘The known range of a 
rabbit when determined by the above method, will increase as the number of 
captures increases, until the indicated or known range equals the area actually 
occupied by the rabbit.” In view of the previous discussion, it is here suggested 
that observing this phenomenon is not in itself proof thai the true range of the 
animal has been demonstrated by the points of capture. 

A home range, as revealed by trapping, may be described as an area over which 
the animal enters traps with greater or lesser frequency according to the location 
of the traps. As a generalized picture, a center of activity surrounded by con- 
centric rings of equal probability of capture may be replaced by an irregular 
area with zones of equal probability without changing the general conclusions. 

Even if the probability associated with the independent action of a single trap 
could be estimated, this would be an index of trap-frequenting activity, and not 
of normal activity. To consider one type of activity as directly reflecting the 
other is only one possible explanation. Another, for example, might be in terms 
of some psychological factor governing the entering of traps, a factor acting 
according to some ratio to distance from the area of most frequent capture. 

Likewise, two types of home range must be recognized, the true home range 
and the trap-revealed range. Even when dealing only with the trap-revealed 
range, it seems necessary to accept the edges of the apparent area as shading 
off on the basis of probability of capture and not as discrete lines of biological 
validity. The understanding of the trap-revealed range is in itself an important 
problem in view of its significance when trapping is used for estimating 
populations. 


SUMMARY 


The differing degree of intensity of use of the home range is a biologically sig- 
nificant aspect, and should not be neglected while attempting to determine ab- 
solute size. 
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The several methods which have been used in calculating size of home range 
are reviewed. Each method depends upon the assumption that an animal will 
be trapped throughout at least the biologically important portions of its home 
range. An experimental examination of this assumption is highly desirable. 

Trapping results may be stated in terms of the distribution of the points of 
capture about a center of activity, and a method of locating the center of ac 
tivity is outlined. 

The probability of capture by a single trap at various points throughout the 
home range might be a useful index to the trap-frequenting activity of an animal. 
However, usual trapping data relate to an animal within an entire set of traps, 
where traps in one part of the home range may interfere with captures in another 
part. 

The phenomenon of the trap-revealed home range area increasing rapidly for 
the first few captures and apparently “leveling off” with further captures has 
previously been explained solely on the assumption that the animal has reached 
the absolute limits of its home range. However, a similar tendency might result 
from the mechanics of trapping, and therefore observation of this phenomenon 
is not in itself proof that such absolute limits have been revealed. 

The relationship between true home range and trap-revealed range is especially 
in need of experimental analysis. 

LITERATURE CITED 

Atpous, SHater I. 1947. Muskrat trapping on Sand Lake National Wildlife Refuge, 
South Dakota. Jour. Wildl. Met., 11: 77-90, 2 figs. 

ALLEN, Durwarp L. 1943. Michigan fox squirrel management. Lansing, Mich. Dept 
Conservation, Game Division Publication. 100: 1-404, 151 figs. 

Baker, Roturn H. 1946. A study of rodent populations on Guam, Mariana Islands, 
Ecological Monographs. 16: 393-408, 11 figs 

Buarr, W. Franx. 1940. Home ranges and populations of the meadow vole in southern 
Michigan. Jour. Wildl. Mgt., 4: 149-61, 1 fig 
1941. Techniques for the study of mammal populations. Jour. Mamm., 22 
148-57, 2 figs 

— 1942. Size of home range and notes on the life history of the woodland deer 

mouse and eastern chipmunk in northern Michigan. Jour. Mamm., 23: 27-36, 1 
fig. 

Burr, Witt1AM Henry. 1940. Territorial behavior and populations of some small mam 
mals in southern Michigan. Miscl. Publ. Mus. Zool. Univ. Michigan, no. 45 
1-58, 8 figs. 
1943. Territoriality and home range concepts as applied to mammals. Jour 
Mamm., 24: 346-52, 1 fig. 

Cuitry, Dennis. 1937. A ringing technique for small mammals. Jour. Anim. Ecol., 6 
36-53, 5 figs. 

CuarK, NOBLE, AND Niemen Hove.anp (compiled by). 1939. What’s new in farm science 
Annual report Part 1, Wisconsin Agric. Exper. Sta. Bull., 446: 1-96, illus. 

Dake, Pau. D., AND PALMER R. Sims. 1938. Home and seasonal ranges of the eastern cot 
tontail in Connecticut. Trans. North Amer. Wildl. Conference. 3:659-69, 4 figs 

Evans, F. C. 1942. Studies of a small mammal population in Bagley Wood, Berkshire 
Jour. Anim. Ecol., 11: 182-97, 5 figs 

Evans, F. C., ann R. Honpenriep. 1943. A population study of the Beechey ground 
squirrel in central California. Jour. Mamm., 24: 231-60, 6 figs. 


Sc 


sc 


> 


Fe 
Fr 
H 
H 
Je 
Je 
K 
Li 
Li 
M 
M 
M 
M 
sc 


Feb., 1949 HAYNE—HOME RANGE 


Fircu, Henry 8. 1947. Ecology of a cottontail rabbit (Sylvilagus audoboni) population 
in central California. California Fish and Game, 33: 159-184, figs. 48-53. 
1948. Habits and economic relationships of the Tulare kangaroo rat. Jour. 
Mamm., 29: 5-35, 3 figs. 
Hacker, H. P., anp H. S. Pearson. 1946. The growth, survival, wandering, and varia 
tion of the long-tailed field mouse, Apodemus sylvaticus. (II. Survival. by H. P. 
Hacker). Biometrika, 33: 333-61, 5 figs. 
Haven, ARNOLD O. 1942. Home range of the cottontail rabbit. Ecology, 23: 354-67, 6 
figs. 


HoupenRIED, Ropert. 1940. A population study of the long-eared chipmunk (Eutamias 


quadrimaculatus) in the central Sierra Nevada. Jour. Mamm., 21: 405-11, 1 fig. 
Jounson, M.S. 1926. Activity and distribution of certain wild mice in relation to biotic 
communities. Jour. Mamm., 7: 245-77 
Jozpan, JaMEs 8. 1948. A midsummer study of the southern flying 


squirrel. Jour. 
Mamm., 29: 44-48. 


Kenpeich, 8. Cuaries. 1944. Homing of Peromyscus maniculatus gracilis. Jour 
Mamm., 25: 405-406, 1 fig. 

Lay, Dante, W. 1942. Ecology of the opossum in eastern Texas. Jour. Mamm., 23: 
147-59, 3 figs 

LInspALB, JEAN M. 1946. The California ground squirrel. Berkeley and Los Angeles, 
Univ. of Calif. Press, xi + 475 pp., 140 figs 

McDoveati, W. A. 1946. An investigation of the rat pest problem in Queensland cane- 
fields: 5, Populations. Queensland Jour. of Agric. Science, 3: 157-237, 10 figs 

Moris, Apotex. 1936. Following fox trails. Miscl. Publ. Mus. Zool. Univ. Michigan, 
no. 32: 1-45, 7 figs 
1940. Fauna of the National Parks of the United States: ecology of the coyote 
in the Yellowstone. U. S. Dept. of the Interior. Nat. Park Service, Fauna 
series, 4: 1-206, 56 figs. 
1944. The wolves of Mount McKinley. U.S. Dept. of the Interior, Nat. Park 
Service, Fauna series, 5: xx + 238 pp., 58 figs. 

Muniz, O. J., anp Apotpn Murre. 1931. Travels of Peromyscus. 
200-209, 1 fig 

Mour, Cart O. 1947. Table of equivalent populations of North American small mam- 
mals. Amer. Midl. Nat., 37: 223-49, 3 figs 

NicHOLSON, ARNOLD J. 1941. The homes and social habits of the woodmouse (Pero- 
myscus leucopus noveboracensis) in southern Michigan. Amer. Midl. Nat., 25: 
196-223, 3 figs. 


Jour. Mamm., 12: 


Schwartz, CHarLes W. 1941. Home range of the cottontail in central Missouri. Jour. 
Mamm., 22: 386-92, 1 fig. 

Scorr, THos. G. 1943. Some food coactions of the northern plains red fox. Ecological 
Monographs, 13: 427-79, 32 figs 
1947, Comparative analysis of red fox feeding trends on two central Iowa areas. 
Agric. Exper. Sta. Iowa State Col. Research Bull., 353: 425-87, 15 figs. 

SournerN, H.N. 1940. The ecology and population dynamics of the wild rabbit (Oryc- 
tolagus cuniculus). Annals of Applied Biology, 27: 509-26, 2 figs. 

Stupwer, Frevertrck W. 1943. Racoons: their habits and management in Michigan. 
Ecological Monographs, 13: 203-58, 55 figs. 

Storer, Tracy I., Francis C. Evans, anp Fietcuer G. PALMEr. 1944. Some rodent 
populations in the Sierra Nevada of California. Ecological Monographs, 14: 
165-92, 18 figs. 

Sticke, Luctnte F. 1946 (a). Experimental analysis of methods for measuring small 

mammal populations. Jour. Wildl. Mgt., 10: 150-59, 3 figs. 

1946 (b). The source of animals moving into a depopulated area. Jour. Mamm., 

27 : 301-307, 2 figs. 


} 
7 
17 
oe 
Bin? 
Ag 
‘cal 
‘\ 


18 JOURNAL OF MAMMALOGY Vol. 30, No. 1 


Youne, Stanuey P., anp Harotp W. Dosyns. 1937. Den hunting as a means of coyote 
control. U.S. Dept. of Agric. Leaflet, 132: 1-8, 2 figs. 


Michigan Agricultural Erperiment Station, East Lansing, Michigan. 


[Part of Symposium on Populations, Annual Meeting, American Society of Mammalo 
gists, Higgins Lake, Michigan, August 25-29, 1947.] 


THE PURPOSES OF MAMMAL POPULATION STUDIES 
By Durwarp L. ALLEN 


The past twenty years encompasses practically the entire period during which 
field biologists have made appreciable efforts to develop census techniques for 
mammals. Even considering the shortness of the time, progress has not been 
rapid. It is evident that institutions in a position to sponsor such research have 
not fully appreciated its importance. 

Wherever he turns, the economic mammalogist finds himself at loss for prac- 
ticable methods which would enable him to acquit himself creditably in the 
jobs he has to do. Nearly every species is a different problem, and frequently 
different habitats must be dealt with differently for the same species. A tech- 
nique usable at one season of the year is usually ineffective at other times. 

Ornithologists are in a much more satisfactory position in regard to population 
studies. During the breeding season birds are more strictly territorial than 
mammals; they can be observed more readily; and, best of all, they sing. With 
field glasses and a cover map, a field worker can expect to make a good census 
of twenty or more species of birds simultaneously. Within limits the 
same method is effective in many habitats and for many species. It is indeed 
unfortunate that mammal problems have not been found amenable to some 
such treatment. 

A few mammals with specialized habits, such as the fur seals, can be counted 
on their breeding grounds. Under favorable conditions certain kinds of big 
game can be inventoried from an airplane. But most of our population studies 
reduce to a laborious and time-consuming effort to trap and mark all of the in- 
dividual animals within a given study plot. It invites little argument to say 
that existing methods are cumbersome and inadequate for the jobs to be done. 

Just what are some of these jobs? : 

One very common and urgent need is that of the game manager. His mini- 
mum requirement is a reasonably accurate late-summer inventory. If it were 
possible for technicians to get such figures on representative samples of range, 
two sources of inefficiency could be eliminated. In the first place, it would be 
much easier to insure against the over-cropping of any given game species. Sec- 
ondly, and probably of even greater application if the truth were known, it would 
be possible for the sportsmen to take a much larger game harvest without allow- 
ing an unnecessarily wide margin of safety. It is well known, though not wideiy 
appreciated, that in the case of most mammals an unharvested fall surplus does 
not carry over to be harvested another year. 
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Although this is a good idea, it may be well to acknowledge that if reliable and 
easily applicable inventory techniques were to become a railable over-night, 
many states would still not be able to use them to full advantage. When game 
regulations are made by legislative bodies a year or more in advance of the shoot- 
ing season, it is evident that cropping practices can not easily be adapted to. 
changing conditions. On the other hand, if the technician could offer approxi- 
mately accurate and convincing evidence of population levels, it might be easier 
to get authority delegated to him to handle the problems which pertain to his 
technology. For the present there is some justification for a legislator to assume 
that everyone else is equally ignorant of the facts of game management and that 
one guess is as good as another. 

Aside from the matter of harvesting game and fur, population techniques 
alsu play a vital part in developing effective management measures on the land. 
We have many theories about what it takes to have more rabbits on the farm, 
more squirrels in the woodlot, more muskrats in the marsh, and more deer on 
timberlands. Some of these theories are sufficiently logical to be a satisfactory 
basis for operation with a minimum of proof. But when we attempt to confirm 
2 method, it must be done in terms of what was there before and what was there 
after, on both our experimental areas and on the controls. All too often such 
efforts fail, not because of faulty experimentation, but because there are large 
or unknown errors in the measurements themselves. 

At present, vast changes are being brought about in the agriculture of this 
country. New crops, new tillage practices, and new rotations give the farmer 
high promise of a better living and an estate worth passing on to his children. 
The movement is bringing a long overdue face-lifting job to many a rural land- 
scape haggard and seamed by years of neglect and misuse. In it we see the 
fundament of those far-off ideals, clear streams, flood control, stable soils, and 
secure watersheds. This is the best time in our history to put wildlife manage- 
ment where it belongs; to give it a lesser or greater place, as good economics 
dictates, in the everyday use program of nearly all of our land. 

To do this means that someone must decide what the effect is on wild animals 
of various farming practices. He must also learn how to apply most advanta- 
geously the ones that favor the species of greatest value. The farm wildlife 
specialist needs to know where fur, game, and pest control benefits begin and 
end—what is economy in achieving them and what will not pay. 

All of these questions must be answered by sample area experimentation. 
In every one of them the greatest problem of all is the lack of reliable census 
methods. Nearly every assignment is held up until a population index or in- 
ventory technique can be devised to fit it. 

Parasite and disease ecology is a field in which relatively little has been done. 
It is obvious that there are important relationships between the incidence of 
disease organisms and the population density of host animals. In recognition 
of this, new positions in mammalian ecology have recently been established by 
the U. S. Public Health Service. One of the first studies will be of fluctuations 
in numbers among tick-bearing animals important to the spread of Rocky Moun- 
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tain spotted fever. In the south an investigation is being made of population 
levels in certain mammals as they relate to the incidence and spread of typhus. 
Bubonic plague offers another similar field of inquiry. These are population 
studies, and it is very doubtful that the workers involved will find in the literature 
descriptions of methods suited to their needs. 

The field of predator-prey relationships is one which many wildlife ecologists 
consider to be distinguised by widespread mismanagement. On all sides pres- 
sure groups calling for money to be spent on bounties align themselves against 
the policies of technical and administrative people who believe that such measures 
are unsound. There are few persons responsible for the spending of public funds 
who would knowingly allow them to be wasted. Hence one method of over- 
riding their honest view is by the legislative earmarking of funds which are 
allocated to such purposes as bounties. Such a system is no doubt inefficient 
and is much eriticized by educators, research workers, and other individuals in 
a position to understand best how human expedients affect animal populations. 
But how many institutions interested in ecological research have established 
long-time investigations calculated to build up an irrefutable mass of evidence 
to bolster the truth in such problems? How predators affect their prey, and 
vice versa, and how populations are influenced by so-called control measures 
must be determined by year-to-year studies of their population levels. 

The wartime impetus given to the study of chemical control agents for insect, 
rodent, and plant pests has raised some other practical issues for the economic 
mammalogist. It is evident that “1080” is effective in killing certain animals. 
But the “control” effect of such a tool in reducing populations from year to year 
can be evaluated only in terms of the relative numbers of animals on an area 
before and after treatment. Past experience has repeatedly demonstrated that 
killing animals is not the same as “reducing” them. 

Other problems occasioned by the use of such agents involve their effects 
upon species for which they are not intended. Much is yet to be learned of the 
influence of DDT upon various animals either directly or through alteration in 
their food supply. It is not difficult to find spraying projects where the mam- 
malogist is welcome to participate and learn the answers to the questions being 
put to him. But there again he is confronted in nearly all cases with the need 
for short-time practical techniques by which he can get a fair approximation of 
population levels. 

There are things that the forest biologist would also like to know about mam- 
mal populations. How do various concentrations of browsing animals, such as 
the snowshoe hare and the deer, affect the reproduction of timber trees? How 
do animal populations respond to controlled burning for the encouragement of 
pines over hardwoods? The technician who sets out to determine these things 
may believe at first that his primary task is to accomplish typical habitat manip- 
ulations on representative study quadrats. But by the time he is well into the 
matter you will find him spending a disproportionately large part of his energy 
in finding « way to count his animals. 

The range ecologist has comparable work to do. He is faced with the corre- 
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lation of rodent population levels with grazing pressure and changes in the floral 
composition of the range. He certainly needs good inventory methods. 

These are some of the more evident examples of the uses to which population 
census techniques can be put. There are many others. The most important 
point of this discussion is that the economic worker is constantly being delayed 
by the necessity to take time out and forge his own tools. For him the measure- 
ment of populations is only a means to an end. It should not occupy the greater 
portion of his time. 

On the other hand, technical workers in manimalian ecology might well make 
this means « preper end in itself. Of course, this has been done to some extent. 
Our present knowledge of inventory methods is better than it was twenty years 
ago. But such a pressing practical problem deserves more attention than it is 
now getting. 

It is easy to point out slow progress and to call for the development of simple 
techniques that can be quickly applied. All who have worked in this field know 
that there probably is no simple key to many a complex situation. But we also 
know that many a seemingly insoluble problem has eventually been dealt with 
by intelligent perseverance. If population study methods are given the major 
emphasis that their economic importance warrants, there is little doubt that a 
much better showing can be made in this field. 


U.S. Fish and Wildlife Service, Laurel, Maruland. 
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FLUCTUATIONS IN POPULATIONS 
By C. H. D. CLARKE 


A fluctuation, according to the dictionary, is a wave-like variation, that is, 
from one point, or level, to another. Within this limit there obviously may be 
two kinds of fluctuations, cyclic, at regular intervals, and non-cyclic or irregular. 
Some of the latter may be so infrequent as to be properly called secular. This 
term is sometimes used for any non-cyclic fluctuation, but it carries the impli- 
cation of long intervals and we need another name. 

The definition of fluctuation clearly suggests a fixed point with refevence to 
which the waves may be said to be up or down. There has, certainly, to be a 
point of reference, but it can never be fixed. The organization, of which any 
fluctuating animal population is part, will never be the same again it is at 
this instant. The thing we call evolution is always at work and so are the phys- 
iographic forces that mould the environment. Only yesterday, geologically 
speaking, there were no mammals at all in the province of Ontario, which was 
covered by a thick ice-cap. Everything we have has moved in since the ice-cap 


melted. Some of the changes, as opposed to fluctuations, that we observe are 


probably accurately described as delayed post-glacial movements. Others are 
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responses to environmental changes caused by man, or to direct human action. 
Fluctuations as defined are superimposed on mere changes, but may be obliter- 
ated by them. For example, lynx, marten, and fisher may cease to fluctuate 
when they have been reduced in numbers by over-trapping. I am supposed to 
deal primarily with cycles which have a greater fascination at the moment than 
other types of fluctuation. No cycle has as yet been explained to the complete 
satisfaction of everyone. Where, as in the lynx—hare relationship, the corre- 
lation of the predator cycle with the prey cycle has been proved, we still have 
to explain what happens to the hare. The snowshoe hare has been as well 
studied as any cyclic species (Green and Evans, 1940; Snowshoe hare Repts., 
1933 seq.). The fluctuations themselves are faithfully recorded. The increase 
of hares is something that does not require explanation. At a time averaging 
(with enough years of record to give significant figures) a little under ten years 
from the last time it happened, the hares die off. It is the almost complete 
mortality of young of the year that constitutes the die off. When they die 
they have hypoglycemic shock. Nobody knows what causes the hypoglycemia 
nor why it should recur at ten-year intervals. Having got so amazingly far in 
their studies one feels that Dr. Green and his associates could, if they continued, 
eventually get to the root of the matter. 

The mathematicians tell us that under certain circumstances the relationships 
of animals and their predators or parasites or diseases could result in a cycle. 
The trouble there is that where any organism is found killing animals during a 
cyclical die off it is so easy to postulate ways in which the required premises are 
satisfied that we have so far developed no basis of experimentation. 

Some people look for cosmic influences behind all cycles. Of course we should 
overlook nothing, but an infatuation with this form of explanation reminds one 
of the origin of the name “influenza” for a recurrent epidemic disease of man. 
Sunspot numbers co-ordinate negatively with hare and lynx numbers (Mac- 
Lulich, 1936). For a while after Elton’s inaugural paper (1924), grateful pro- 
fessors could include a period on sunspots and wildlife cycles in their lectures. 
Now, the matter is in a state much less satisfactory for the classroom, but much 
more so for research. Most measurable cosmic influences are open to the ob- 
jection that they should operate uniformly over a large area, whereas local vari- 
ations are characteristic of the best known cycles. At the same time we are 
faced with the fact that dying off cannot entirely depend on the overall level of 
population because the cyclic interval is the same in various localities despite 
the fact that the population level varies. The variability of mammal numbers 
has been known from early times. We are familiar with Elton’s (1942) summary 
of classical references for the small mammals, and we also have Elton and Nichol- 
son (1942a; 1942b) for the fur bearers. The “fur-cycle’’ was known to the two 
great naturalists in the fur-trade, Ross (1861) and MacFarlane (1905), and 
through them to Preble (1908) and Seton (1912), the latter of whom developed 
the concept and gave it publicity, although Preble referred to the cycle as though 
it were familiar. The record has since been worked over by Jones (1914), Hewitt 
(1921), and MacLulich (1937) to final summaries by Elton’s Bureau of Animal 
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Populations, which we trust will continue to appear until the statistics of fur 
production in Canada become a sort of biological canon. 

I was asked to discuss species known to fluctuate. A list of species would 
serve no purpose. The basis of study for those called cyclic varies from 200 
years of fur returns to two or three years of mouse-trapping. It would be easier 
to put it the other way round and list species not known to fluctuate. Then 
there would be only one, the beaver, among those with an adequate record. 
There are doubtful cases where studies have been made and some eases of fluc- 
tuations that resemble those of cyclic species, but are not vet shown to be cyclic. 
Definite accounts are published only for lynx, hare, lemmings, various foxes, 
some voles, and muskrats. Others are known to be cyclic, but the combination 
of long record and careful analysis does not apply. There are two distinguish- 
able types of cycles in mammals as follows: 1. Cycles of about ten years, in the 
snowshoe hare, muskrat, lynx and other fur-bearers. 2. Cycles of about four 
years in voles, lemmings, and some other small mammals, throughout their range, 
and also in carnivores in the Arctic and Ungava. 

In addition, I should like to point out the possibility of cycles where numerical 
data are now lacking. The numbers of the black bear certainly fluctuate. The 
same is true of deer. Seton (1910) quotes Dr. Bell’s suggestion of a long-term 
movement of moose. ‘This is completely unsupported by data, and so far as 
much of northern Ontario is concerned we know that it is incorrect. Just the 
same, Bell may have had definite information for Gaspe. We have a peculiar 
and unexplained shortage now in Eastern Canada. Forty to sixty years ago 
New Brunswick was the moose-hunter’s mecca, but in the 1830’s we find hunters 
from New Brunswick crossing over to Nova Scotia to hunt moose (Levigne, 1846). 
Now moose are down in both areas. In the 1840’s (Pallister, 1863) there were 
plenty of moose in the higher Rockies of Alberta. In 1880-1920 (roughly) there 
were none; now they are abundant again. In the ’60’s elk were abundant in 
Alberta. They, too, have become scarce, then returned. There have been 
transplants, but there was enough stock in remnant herds that the ultimate effect 
would have been the same without transplants. In some parts of the same are: 
the white-tailed deer was present, disappeared, and has returned. There are 
those also who see in the recent abundance of wolves the working of a long term 
cycle. To leave the field of mammals, there are those who believe now that 
there is a cycle of waterfowl. We should, and must, look for cycles everywhere, 
but we need to be exceedingly critical of our data. 

It is the general finding of those who have worked with cyclic species that 
there is no such thing as a concurrence of population levels (Cross, 1940; Mac- 
Lulic, 1937). Instead, neighbouring areas have varied by several years, yet 
when statistics for large regions are compiled (Elton and Nicholson, 1942a) “‘the 
whole of Canada keeps in siep without ever getting right out of phase.” This 
is argued by Elton and Nicholson as evidence of a climatic controlling factor, 
but at present the basic conflict of testimony may be said to be more impressive 
than the explanatory theories. 


Whatever this climatic factor may be, it must account for the local variations 
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as well as the continent-wide trend, and it must control the actual agencies that 
kill the animals, because one of the most definite things about cycles is ‘‘crash 
mortality,’’ where something kills animals and turns abundance into scarcity. 

If the pattern of dying off is that of moths eating a blanket, we can see easily 
that where carnivores become cyclic through dependence on cyclic prey their 
fluctuations might tend to smooth the local variations of the prey, and it is in- 
teresting to note that the lynx cycle based on fur returns is much more clearly 
developed than the hare cycle (Hewitt, 1921). 

There are 2 number of other things that may be said about cycles. For in- 
stance, it is the prolific earth-bound small mammal that has a short cycle, whereas 
the larger rabbits and muskrats have a longer one, and if the moose has a cycle 
it is a still longer one. Another thing is that only animals with plenty of space 
and a good biotic potential have cycles. The same species, where cramped and 
restricted, and at the limit of their range cease to be cyclic. Furthermore, 
drastic fluctuations have been reported to be lacking in moist tropical areas 
(Elton, 1933), although there are definitely cycles in the tropics. A significant 
fact is that the aquatic muskrat is out of phase with the hare (Elton and Nichol- 
son, 1942b) and the beaver has no cycle, as we have noted. Neither has the 
muskrat where water levels are completely under control. Again, several ‘“‘crash 
declines” studied involve the failure of the normal crop of young to survive. 
In animals with a high turn-over this soon produces scarcity. However, re- 
search now in progress is reported to show a reversed mortality in other species 
with respect to ages principally affected. 

Cycles are not imaginary. Each pelt in the fur-trade once clothed an animal 
and there is no doubt that animals, and not the skins only, do fluctuate in regular 
periodic population cycles. They are of immense economic importance and we 
need to have skilled men studying them continuously. When we have finally 
put something into their study we may get something out. 
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TERRITORIALITY 
By H. Burt 


It is fairly well agreed, I believe, among those who are competent to judge, 
that territoriality does exist as a part of the behavioristic pattern of many kinds 
of animals (birds, mammals, reptiles, fishes, and some invertebrates). If this is 
true, and we shall for the moment assume that it is, what might be its biological 
significance? Is it advantageous or disadvantageous for the species if individuals 
protect a territory during part or all of their lives? What effect might terri- 
torality have on the life of the individual and on the life of the species? 

If an animal has a territory, and that territory should extend some distance 
beyond the nest site (or sites), it is conceivable that a continued food supply 
might be better assured for the individual concerned. However, individuals in 
excess of the optimum number for a given habitat would be forced into marginal 
areas for the species—areas where they likely would not fare so well. On the 
Edwin 8. George Reserve, in 1935, when the population of the bog lemming vole 
(Synaptomys) was high, many individuals were to be found in oak-hickory wood- 
lands, certainly a marginal habitat for the species. Hamilton has observed the 
same situation with this species elsewhere. When the population went back to 
a low, lemming voles were no longer found except in their preferred habitat of 


heavy grass in moist areas. Many of the individuals inhabiting the woodlands 
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probably perished; some possibly found their way back to their original habitat. 
In a non-territorial species like the house mouse (here, if territoriality does exist 
it is probably confined to the nest), a local population can pyramid to proportions 
sufficiently great to exhaust the remaining food supply in a short time and thereby 
force either starvation or a mass emigration, or plague, in search of food. Wit- 
ness the outbreak at Buena Vista Lake, California, in 1927. The mortality, in 
these cases, is terrific over a short period and recovery is sometimes slow whereas 
in a territorial species mortality is more evenly spread over the seasons. The 
end results, as far as the species is concerned, may or may not be 
similar. Whether change takes place more rapidly in an irruptive species than 
in one where the population is maintained at a fairly even keel, as has been sug- 
gested, is a debatable question. 

It is not known, in most instances, whether young animals leave their place 
of birth because of an inherent desire to explore new terrain (to wander) 
or whether they are forced out by their parents and thereby leave reluctantly. 
In certain kinds (chipmunks, beaver, and white-footed mice) parent animals 
have been observed driving the young away from the nest site. I suspect this 
is the common practice, especially in birds and mammals. If, on the other hand, 
there is an inherent desire to wander, it most certainly is not developed to the 
same degree in all individuals of a species. We know that some young remain 
at the place of birth, especially if the parent is killed, or, as sometimes happens, 
moves away, while others wander varying distances from the home site. Let us 
assume then, on what evidence we have, that in those animals where there is a 
display of territoriality the young are forced out by the parents in the majority 
of cases. The result would be a tendency to maintain a population near or below 
the optimum in the preferred habitat and gradually force the excess population 
into other areas, possibly to become adapted to other types of habitats if they 
are to survive. If true, this becomes an important factor in determining the rate 
of geographic spread (dispersal) of a species once it is established. The dispersal 
of individuals from one sector of a population to another and, if available, to 
new areas, means the dispersal of genes through the population. This most 
certainly has a direct bearing on the genetics of the total population, and on the 
rate of evolution within the species. 

If success of a species of mammal be defined as longevity in time (either by 
the species or by its descendents), it probably is advantageous for individuals to 
possess a territorial trait. Plagues and large concentrations are more likely to 
occur in non-territorial species or in those that have small territories than in 
those kinds where a considerable territory is maintained by each individual and 
the population is kept dispersed. A species occupying extensive areas and di- 
verse habitats is less likely to vanish suddenly (geologically speaking) than is 
one that is restricted in both area and habitat, assuming that both species have 
equal powers of adaptability to varying conditions. If, on the contrary, success 
of a species be measured by large numbers, at intervals in local habitats, with 
violent fluctuations, a territorial trait might work to its disadvantage in prevent- 
ing these conditions to arise. Whatever may be the biological implications of 
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territoriality, and there probably are many, we can say with certainty that it is 
a potent factor which serves as a kind of governor in preventing over-population. 
Whether, in these cases, territoriality is good or bad for the species is strictly 
academic at the present stage of our knowledge. 

From the practical point of view, that of the wildlife manager, it is extremely 
important to know whether individuals of a species display territorial behavior. 
This is basic information, the foundation upon which he must build the entire 
structure of his program if it is to be successful. 


Museum of Zoology, Ann Arbor, Mich. 
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TECHNIQUES FOR CAPTURE AND MARKING OF MAMMALS 
By RicnHarp H. MANVILLE 


It seems self-evident that studies of home ranges, territories, and populations 
of animals in the wild should be based on live captures, not on dead specimens. 
| suppose many of us grew up on such traps and snares as were popularized by 
Dan Beard (1925: 209-222). Hatt (1932) discussed several other methods of 
capturing and caring for small mammals. More recently, Petrides (1946) de- 
scribed a number of backwoods snares and deadfalls, including modifications of 
the old reliable ‘Figure 4,” that are designed or may be adapted for taking alive 
mammals of various sorts. Christian (1936) reported success at capturing small 
mammals in post holes about three feet deep. Bailey (1927) described a pitfall 
for capturing beavers alive; he discussed and illustrated (1921, 1933) various 
types of traps for capturing mice, bears, or intermediate sized mammals; and 
later (1940) he mentioned the simple and effective “‘tumble-in” live trap, an 
underground cage with a balanced door on top which flies back and resets itself, 
permitting multiple captures. 

Undoubtedly the simplest manner of collecting mammals is that of merely 
taking them by hand, as for example bats that are hibernating in caves or 
attics. Bats have also been taken alive by theuse of various types of nets (Jackson, 
1926; Lyman, 1926; Van Tyne, 1933). Middleton achieved some success in 
capturing Microtus by laying a number of sheets of corrugated iron, each about 
three feet square, over the ground in meadows; after some time the voles gath- 
ered under the sheets, and were captured rather easily by several people when 
the sheets were suddenly lifted (Chitty, 1938). The capture of large individual 
mammals by lasso, or of numbers of such mammals as jack rabbits by drives, 
are methods of but slight practical importance to us. 

For most of our work some type of trap is imperative. Many have been 
designed for small mammals, varying with special needs. Some are set off 
by a treadle or false bottom, some by the release of a wire holding the door 
open, and in some the animal itself pushes the door open. The doors may be 
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} closed by spring mechanisms or by gravity. For any extensive work a trap WwW 
should be simple and yet sturdy, easy to construct, light to transport, inexpen- in 
sive to build, and it must protect from the elements the animals captured. A 
number of commercial models are available, but in quantity they are expensive; ca 
‘ frequently they are too heavy, and seldom are they designed for our special te 
| needs. Hatt (1925) described a trap with a false bottom, the door closed by a pl 
9 spring mechanism, which could be adjusted to catch shrews or mammals as ca 
large as squirrels. Burt (1927) described an ingenious trap fashioned from a 
a tin can, an ordinary snap trap, a small piece of screen, and a bit of wire. This is 
style has been modified for special uses by Moore (1936), by Chitty (1938), (1 
and by M. W. Johnson (1940) with the use of a cigar box, paper clip, and rubber lig 
| band. Manually operated traps, such as are used by bird banders, may be or 
, employed for smal] mammals, especially diurnal species, where a high degree of be 
. selection is desired. The well-known Evans vermin trap, for taking such ty 
q mammals as cottontails, raccoons, opossums, and cats, as well as the Melbrook ul 
and Fooks traps, better known in Europe, were described by McAtee (1930). in 
| Stoddard (1931: 421-428) discussed a special trap for cotton rats, and Elton ef se 
’ al. (1931) described the Tring trap widely used in Britain. Scheffer (1934) fo 
discussed various types of traps, and described simple devices for catching mice, 
. pocket gophers, and larger rodents. Among the many later developments are ol 
3 2 multiple-catch variation of the old “delusion” or “catchemalive” mouse bs 
trap (Hickie, 1935). The box trap has been modified for squirrels (Baumgartner, be 
1940); for gophers, cotton rats, and rice rats (Sherman, 1941); for cotton rats er 
(J. A. Seott, 1945); and for snowshoe hares and small rodents (C. M. Aldous, be 
: 1946). Other practical traps are the wooden “36” trap (Blair, 1941a), another ' ju 
trap for small mammals (Morris, 1943), and a special wire trap designed for pi 
‘ ground squirrels (Horn and Fitch, 1946). st 
3 The trap to be used should be selected with care depending on the circum- rn 
stances as well as the animals sought. There will be occasions where a single- bi 
: catch trap is preferred, for example if shrews are expected; and again a multiple- m 
. catch trap may better meet the needs. Traps with an outside mechanism, fi 
such as the Fisher type, will be impeded if set in deep grass or underbrush. ti 
Wire traps are far better than those of wood or sheet metal in hot climates, O 
a especially when trapping diurnal species; even so, shade over the trap should be te 
provided. Similarly, a wad of loose cotton or dry grass should be deposited tl 
in the trap for nesting material, especially for nocturnal forms, or heavy mor- fc 
. tality may be expected during severe weather. Wooden traps afford better | A 
insulation against heat or cold, but are bulky to transport; also, they are fre- r 
5 quently damaged by gnawing, either from outside or from within. In all but | ¢ 
1 the sturdiest models there will be times when the trap is sprung by red squirrels, 
} porcupines, rabbits, or other animals jarring or overturning them. Again, it a 
’ may be expected that beetles, salamanders, toads, or other creatures will oc- e 
" casionally occupy a trap to the exclusion of the desired mammals. if 
| The bait used will depend largely on the species sought. Dry herring, bacon, h 
| or peanut butter will attract shrews, opossums, carnivores, and others. Rolled d 


oats, barley, or corn meal have a wide appeal, but form a soggy mass when wet. 
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Whole grains, such as rice, wheat, hemp, or sunflower seeds, may jam the treadle 
in those traps with a false bottom. 

Nicholson (1941) and later workers have found nest boxes very effective for 
catching family groups of Peromyscus. The box is provided with nesting ma- 
terial, is partially buried in the ground with a simulated burrow entrance or 
placed in a tree, and is appropriated as a home by the mice, which may be readily 
captured and marked. 

Among traps designed for larger mammals, the beaver trap of Bailey (1926) 
is well known, whereby a wire mesh snaps up and encloses the captive. Bradt 
(1938) devised an aluminum alloy modification of this trap, making it much 
lighter to carry, and pointed out the advisability of setting the trap in a channel 
or at the base of a lodge, but always beneath shallow water, to avoid the trap’s 
being sprung prematurely by stubs carried by the beaver. The Stephenson 
type live trap for deer, a modified box trap, is illustrated by Bartlett (1938) 
and has been used for moose with success (Hickie, 1943). The chain loop trap 
invented by Bailey (1932) captures mammals by a noose about the leg; it has 
several modifications which have been found effective in taking wolves, coyotes, 
foxes, bobcats, raccoons, skunks, and opossums. 

It was many years before the mammalogists followed the example of the 
ornithologists and ichthyologists in marking individuals for later recognition— 
barring, of course, the branding of domestic stock. Allen (1921) first marked 
bats by placing numbered aluminum bird bands about the tibia, a method later 
employed by Griffin (1934). Trapido and Crowe (1946) reported a method of 
banding bats with aluminum bands about the distal portion of the forearm, ad- 
justed loosely enough to permit their sliding freely along the bone without 
pinching the wing membrane; this method has been successfully employed for 
some years by workers in Europe. Chitty (1937) used zine (and later nickel) 
rings just above the ankle for marking Apodemus and Clethrionomys. Leg 
banding was used on muskrats by Takos (1943), but was unsatisfactory. This 
method was modified by Linduska (1942) who marked fox squirrels with a 
fingerling tag clamped about the basal joint of the outer toe on the hind foot, 
tight enough not to slip over the knuckle joint and yet able to turn freely. 
Other modifications of this ringing technique are those of Errington and Erring- 
ton (1937), who marked young muskrats by inserting an aluminum tag through 
the skin over the shoulder blades; and of Cook (1943), who marked muskrats, 
foxes, skunks, and opossums with a metal tag piercing the skin and encircling the 
Achilles’ tendon. Takos (1943) found the Cook method satisfactory for musk- 
rats, but it seems possible that either of these last two methods might easily 
cause inflammation and discomfort, at least in certain cases. 

The method of marking should be chosen with a view to the species concerned, 
as well as to the object to be attained. In general, the marking should be in- 
expensive, quickly and easily applied, humane, conspicuous, and permanent. 
In the case of game animals, it should readily attract the attention of a trapper or 
hunter, and it should not injure the pelt. Methods currently in use were 
discussed by Ashbrook (1936) and by Blair (19410). 

Bailey (1927) suggested the marking of beavers by stamping an aluminum 
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button into the tail, near the edge. This method was used by Haugen (1942) 
on the ears of cottontails, but the buttons tore out rather frequently. Ear 
tags of the fingerling type have been successfully used by Mohr (1934) on bats 
by Errington and Berry (1937) on foxes, by Baumgartner (1940) on fox squir- 
rels, by Haugen (1942) on cottontails, by T. G. Scott (1942) and by Eddy and 
Joyce (1944) on Peromyscus, and by S. E. Aldous (1946) on muskrats. Trip- 
pensee (1941) used markers of pyralin (a light, durable, and flexible plastic) 
in nine colors which were attached by staples to the ears of rabbits, enabling 
ready identification of individuals as far as 100 yards away with the use of 
binoculars. Hosley (1942) described a similar technique of marking rabbits 
with colored celluloid markers attached to aluminum tags inserted through holes 
punched in the ear. 

Various types of mutilations have been employed for marking mammals. 
They are easily and painlessly applied, are relatively permanent, and, when 
used in proper combinations, can mark individuals serially into the thousands. 
On the other hand, ear marks are sometimes obliterated by tearing; excised toes, 
in the case of arboreal species in particular, might conceivably hamper move- 
ments; and either of these markings may easily be overlooked by one not on the 
alert for them. Shaw (1925) marked ground squirrels with various combina- 
tions of holes punched in the ears, excised toes, and docking the tail. Ears of 
small mammals may be easily punched with a metal poultry punch, such as is 
used for marking between the toes of chicks, or with a No. | harness punch; 
toes are simply excised, near the base, with sharp scissors. The use of anesthesia 
is seldom necessary. These markings have been successfully employed on 
various small mammals by M. 8. Johnson (1926), B. W. Johnson (1927), Dice 
(1929), Murie and Murie (1931), Burt (1940), and others. S. E. Aldous (1940) 
marked beavers by punching the webs of the hind feet. Ross (1934) recorded 
the marking of fawns and young deer by clipping the tip or notching the side of 
the ears. 

The branding technique has been applied to various mammals. Shaw (1925) 
marked ground squirrels by singeing off the tips of the gray hairs, thus exposing 
the dark base of the pelage; these markings lasted, of course, only until the next 
molt. Svihla (1934) branded Peromyscus at birth with a hot wire applied to 
various parts of the body; when the growing hair obscured the brand, after 
about four weeks, corresponding patches of hair were clipped with scissors. 
After trying several methods of marking seals without success, Lindsey (1937) 
adopted the branding technique; a number was clipped into the wool, dorsally 
and a foot or so in front of the tail, and a brand applied with a hot iron. Bradt 
(1938) marked beavers by branding the tail with a white-hot iron; the process 
was apparently not painful, but after a year or more there was some sloughing 
off of the sealy surface. 

Chitty and Shorten (1946) devised a depilatory for marking Norway rats. 
Numbers were clipped into the pelage and then a mixture of barium sulphide, 
flour, chalk, and soap powder was applied. The resulting markings lasted only 
two or three weeks. 
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Various dyes and paints have been used for marking. The result should be 
permanent and conspicuous, and should have no toxic or hampering effect on the 
individual. In nearly all cases, the mark remains only until the next molt. 
Bailey (1927) marked beavers with paint on the tail, but the marks did not 
last. Mohr (1934) attempted to mark bats with a haematoxylin stain. Gordon 
(1938) marked ground squirrels with picric acid crystals dissolved in 5 per cent 
formalin. Fitzwater (1943) reported a satisfactory dye used on mice, squirrels, 
woodchucks, and rabbits; Nyanzol A (20 grams to 1 liter of water, previously 
mixed with commercial hydrogen peroxide in the ratio of 2:1) produced a 
uniform dark purplish-black coloring which lasted until the molt. Griffin 
(1934) marked bats by tattooing a number on the wing membrane; the marking 
took considerable time to apply, and was difficult to detect on recapture. Quay 
(1948) developed an interesting method of marking shrews with oil paints and 
luminescent pigments. Some years ago the State of Colorado marked deer by 
shooting them with bow and arrow; ordinary target arrows were used, tipped 
with a sponge-rubber ball and dipped in common sheep-branding paint of 
different colors (Anon., 1939). This method was also used for marking elk, 
and was proposed for bighorns. Young (1946) reported on the success of this 
method with deer, and stated that enamel paints made clearer marks than oils. 
This technique seems practical where deep snows force the animals to con- 
gregate in compact herds. But, without meaning to be disparaging, I can 
imagine my chances of success at stalking mountain sheep with a bow in one 
hand, a quiver of arrows over my shoulder, and 2 pot of paint in the other hand! 
A process that might bear experimentation is that of marking with a fluorescent 
paint, or a paint that emits ultra-violet rays, and detecting the presence of 
marked individuals by photographic means. 

Finally, to bring marking techniques up to the atomic age, mention should 
be made of a method which shows some promise. A group at the Bureau of 
Anima! Population at Oxford is experimenting with injections of minute quan- 
tities of radioactive isotopes beneath the skin of small mammals; the movements 
of th» animals may later, it is hoped, be recorded with Geiger counters. 
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A CENSUS OF HARBOR SEALS IN SAN FRANCISCO BAY 
By GrorGe A. BARTHOLOMEW, Jr. 


Harbor seals, Phoca vitulina, haul out on a sand bar lying approximately 
200 yards north of the east approach to the San Francisco—Oakland Bay Bridge. 
During the spring, summer, and fall of 1944 I passed this sand bar nearly every 
day at 2:30 p.m. (+15 minutes) Pacific Standard Time and also at other, but 
irregular, hours. Each time, I counted the number of seals hauled out on the 
sand bar. In addition, for a total of eight hours on three different days during 
the summer, | observed the seals from the bridge approach through a 20 x tele- 
scope in the hope that observations of their behavior might help to explain the 
large day-to-day variations in the number of seals present. The records ob- 
tained were too fragmentary to give an integrated picture, but the censuses 
should be of historical interest since they supply data on a wild population of 
large mammals living in a rapidly growing metropolitan area. 

The accompanyine graph (Fig. 1) summarizes the counts of the seals which 
use this sand bar as a hauling ground. The most conspicuous feature of this 
record is the large day-to-day variation in the numbers of seals present at the 
hour of observation. 

Since Sheffer and Slipp (Amer. Midl. Nat., 32:389) say that the influence of 
tide is stronger than the influence of light, on harbor seals, it was thought that 
the number of seals might be correlated with tidal conditions, but when the 
numbers present on the sand bar were plotted against the heights of the tide at 
the times of observation, no correlation was discernible. 

One customarily thinks of a hauling ground as a place which seals use to get 
out of the water, but here, even when covered by several inches of water, they 
would haul out on the sand bar and lie partly submerged. In one instance, 
twenty-seven seals were hauled out on a part of the sand bar which was covered 
by approximately eighteen inches of water. All had assumed the same posture 
with the back arched into a half circle and with only head and hind flippers 
visible above the water. When small waves passed over the submerged sand 
bar, the seals rocked gently and their heads and flippers moved like the branches 
of a submerged tree. 

All of the censuses (not only those made at 2:30 p.m.) were plotted against 
hours from sunrise, but again no correlation was apparent. 

The variation in numbers of seals present at the same hour on consecutive 
days may be explained in part by the fact that the hauling ground lay in the 
seaplane landing area locateu east of the Treasure Island Naval Base. Planes 
frequently flew over the sand bar at an altitude of not more than 300 feet. This 
occurred twice while | was watching the seals through a telescope. On one of 
the occasions, as the plane passed overhead, two-thirds of the seals present 


rushed into the water and then returned to the sand bar one by one during the 
next twenty minutes. On the other occasion, they turned their heads and 
watched the plane as it flew over, but made no attempt to get into the water. 
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The area is frequently visited by fishermen and the close approach of their small 
boats causes the seals to enter the water. 

Despite the fact that these disturbances by man may have altered the picture 
somewhat, it is probably safe to say that the number of seals using this naul- 
ing ground was not closely correlated with hours from sunrise or state of tide. 

The graph (Fig. 1) shows a definite seasonal change in the number of seals 
using this hauling ground. The population increased steadily during April 
and May while from June to the end of the observations in N 


November it re- 
mained relatively constant. Several possible explanations for this seasonal 


change present themselves. (1) It may be an artifact caused by the limited 
sampling of the censuses. This, however. appears unlikely because of the 
definiteness of the increase. (2) It may be a non-seasonal change caused by 


seals moving in from other hauling grounds which they abandoned because of 
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Fic. 1.—Numbers of harbor seals present on a sand bar lying north of the e 
to the San Francisco-Oakland Bay Bridge 
p.M. Pacific Standard Time. 


ast approach 
All counts were made at 2:30 (+ 15 min.) 


too frequent disturbance associated with war time activities along the shores 
of the bay. (3) It may be that this particular hauling ground is used only by 
non-breeding seals. The animals may breed at some more protected site during 
the early spring and, after breeding, return individually to the Bay Bridge 
hauling ground. Little is known, however, of the breeding of this seal on San 
Francisco Bay. (4) Although the harbor seal is not a migratory animal, the 
seasonal change in population may be an expression of local movements cor- 
related with availability of food. (5) It may also be (Sheffer and Slipp, op. cit.) 
related to seasonal change in degree of gregariousness. 

The data presented here are fragmentary, but they do give a minimum figure 
fo. the total population of seals using this hauling ground during the months 
when the counts were being made. In mid-April, when the censuses were first 
taken, the number of seals was probably eight or ten. More seals moved in 
during May and early June and by mid-June at least sixty seals were present. 
The population maintained itself at approximately this level until the last counts 
were made in the middle of November. 


Department of Zoology, University of California at Los Angeles. Received December 16, 
1947. 
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. REPRODUCTIVE PATTERN OF THE POCKET GOPHER 
(GEOMYS BREVICEPS BRAZENSIS) 
By Joun Eugene Woop 
‘ Ihe rate of increase in an animal population is governed by the interaction 
| of reproductive potential and environmental resistence. Neither of these 
7 factors can definitely be stated for a given species, since they are not everywhere ( 
. the same, but the more complete our knowledge is of the ecology of increasing ‘ 
a numbers, the more effectively we can combat the species if it becomes an eco- . 
nomic pest. This investigation was conducted between September, 1946, and t 
| August, 1947, to determine the reproductive performance of the pocket gopher, ' 
. Geomys breviceps brazensis Davis, in Brazos County, Texas. \ 
} The author is greatly indebted to many friends and colleagues for offering aid 
| and useful suggestions during the progress of the study. Among these are Dr. ( 
William B. Davis, Dr. Walter P. Taylor, Dr. Hobart M. Smith, Frank W. Fitch, c 
Jr., and Langdon P. Kindler, all of the Department of Wildlife Management, c 
| Texas A. and M. College, and to Georgette Faudel. t 
y. Relatively few persons have directed their attention to the | reeding habits 
. of pocket gophers and therefore the available information on the subject is v 
; limited. English (1932) worked with G. breviceps in Brazos County, Texas, . 
+ i and states that the young are born from March to July, each female producing b 
i one litter a year. He found the average number per litter to be 2.36. Bailey s 
(1929) records gravid females of G. bursarius, in Minnesota, from April 12 to 
| May 22 with one to five young per litter and one litter a year. Barrington 0 
i (1942) gives a detailed account of parturition in G. floridanus in Florida. This tl 
female gave birth to three young in May. Johnson (1926) described the young n 
. of G. bursarius born in captivity in April. Cross (1931), working at the Uni- 1 
| versity of Texas, tentatively determined the number of chromosomes in G. t 
breviceps as 84 in the diploid form. Hisaw (1925) shows that the pubic sym- c 
. physis of the female gopher is resorbed under the influence of ovarian hormones. 
| Various environmental factors may affect the basic breeding cycle. Dixon 1 
: (1929), working with Thomomys bottae, states that the abundance of nutritious a 
i green food initiates breeding. King (1927) claims that the seasonal changes in P 
| the sexual cycles of lower animals are affected by the rise and fall of atmos- I 
pheric temperature on the body metabolism. Bond (1946) states that the | 
amount of rainfall affects the friability of the soil and possibly the success of h 
gophers (Thomomys) meeting and mating. These factors may influence the W 
' normal trends favorably or adversely. Scheffer (1938) states that the develop-_ | Ir 
ment of the fetus in Thomomys may be affected by environmental conditions | pi 
and that resorption of embryos may occur under certain stresses of food rela- 0] 
tions or other environmental conditions. Miller’s (1946) intensive study of the | ne 
e breeding habits of Thomomys bottae in California offered a basic pattern for a 
similar study in Geomys breviceps. | C) 
: Methods.__Both morphological and ecological data were used to determine the re 
reproductive cycle. Primarily, the results were based on definite signs of | pe 
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pregnancy, placental scars, and lactating mammae in females. Additional 
information was obtained from the enlargement of the seminiferous tubules 
and stored fat of the epididymis in breeding males (Hill, 1937); the size and 
condition of the vagina and uterus; the presence of young in the nest and bur- 
rows; and the presence of two adults in a single burrow system. 

Post-mortem examinations were performed on 585 pocket gophers collected 
over 2 continuous period from September 1946 to August 1947. The majority 
of the animals were trapped with Macabee gopher traps, but some were taken in 
Sherman live traps. All the specimens came from over-grazed land. The 
bulk of the collection came from Lufkin sandy loam soils, but many specimens 
were taken from Norfolk sand and Miller clay soils. In all cases the animals 
were autopsied the day they were caught. 

The autopsy included an examination to determine the presence or absence 
of corpus luteum, corpus albicans, and definite follicles; the presence or absence 
of placental scars; the number, size, and sex when possible of the embryos; the 
condition of the pubic symphysis and mammae; the size and position of the 
testes; and the presence or absence of sperm. 

Several animals were kept in captivity, some for the entire period. They 
were penned in smal! wire cages and grouped either with male and female to- 
gether in the same pen, or with males and females in separate pens—a male 
being placed with a female periodically for several hours at a time. They 
showed no inclination to breed under either of these conditions. 

Reproductive cycle—Judged from data in Table 1, the females of Geomys 
breviceps brazensis produce young during a continuous period from February 
through August. Pregnant or post-partum females were taken in each of these 
months. Those taken in other months revealed no evidence of reproduction. 
The first evidence of reproduction was noticed in females in February with 
the enlargement of the uterus. On February 14, the first embryos were re- 
corded 

The data collected on post-partum females follow in general those obtained 
from pregnant females, but show higher peaks of productivity in April, June, 
and July than is shown by gravid females. These figures would normally show 
peaks in production at a later date than would those on pregnancies, but the 
intensity of each might be expected to coincide. 

Forty-eight per cent of the post-partum females in June and again in July 
had placental scars while but 20 and 25 per cent, respectively, of the females 
were gravid and carrying embryos. This differential suggests either that fe- 
males carrying young are less active, and hence less often trapped than post- 
partum females, or that the peak of reproduction had passed. It is the author’s 
opinion that the breeding data obtained from post-partum females is more 
nearly reliable than those obtained from pregnant females. 


Ovarian cycle-—The potential reproductive pattern indicated by the ovarian 
cycle conforms closely to that of actual reproduction. Table 2 shows the cor- 
relation between definite follicles, corpus luteum, clear ovaries, and breeding 
performances. 
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The percentage of ovaries with definite follicles forms a curve with two major 
peaks in January and March and one minor peak in September. The increase, 


TABLE 1.—Breeding data of female Geomys breviceps brazensis 


. NUMBER EXAMINED ADULT FEMALES 
J MONTH VIRGINS 
Total Adults Pregnant Post-partum! Suckling? 
| per cent per cent per cent per cent 
1946 
E September 26 26 42.3 0 0 0 
F October. . 13 43 25.8 0 0 0 
November 30 30 3.3 0 0 0 
December 33 33 0 0 0 0 
1947 
January. . 30 30 0 0 0 0 
February 31 29 3.3 32.2 6.6 3.3 
March 29 29 3.6 13.7 13.7 0 
April 31 31 0 16.1 31.8 19.3 
May 29 23 20.6 24.2 13.6 13.6 
P June 25 24 4.0 20.0 48.0 R.0 
1 July 27 26 7.4 25.5 48.1 7.4 
August 11 6 45.4 0 9.0 9.0 
1 Post-partum females have placental scars and lactating mammae. 
* Suckling females have lactating mammae, but placental scars have disappeared. 
TABLE 2.—Ovarian. cycles in Geomys breviceps brazensis 
| ADULT FEMALES 
MONTH 
per ceni per cent per cent per cent per cent 
1946 
September 26 15.3 0 42.3 50.0 11.5 
October 43 6.9 0 37.1 51.1 0 
November 30 0 0 13.3 43.3 3.3 
December 33 0 0 9.0 63.3 6.0 
1947 
- January. 30 0 0 13.3 50.0 33.6 
February. 31 12.9 35.5 9.6 29.0 19.3 
March.... 29 13.7 | 13.7 13.7 27.5 34.4 
April , 31 29.0 16.1 | 41.9 12.9 16.1 
May... 29 13.7 24.1 48.2 20.6 6.8 
June. . 25 20.0 20.0 64.0 15.0 8.0 
ee 27 53.8 25.9 48.1 | 11.1 0 


August. 1] 9.0 0 | 45.4 | 54.5 0 


except in September, in number of definite follicles precedes by one month a 
peak in production (see Tables 1 and 2). The percentage of ovaries with 
corpora lutea forms a curve nearly paralleling one drawn for post-partum females, 
except that it is lower in June and higher in February and July. The curve for 


fa 


Pe 
cl 
It 
is 
in 
Ww 
te 
ct 
Se 
Ox 
Ni 
Di 
Ja 
Fe 
M 
Ay 
M 
Ju 
Ju 
At 
en 
Al 
ar 
en 
te’ 
th 
Se 
th 
se: 
as 
ex 


Feb., 1949 WOOD-—GOPHER REPRODUCTION 39 


clear ovaries runs, as expected, opposite in general to the other ovarian curves. 
It is high from August to January then rapidly declines to a low in July. 

A forecast of the actual reproduction can be made from the activity of the 
ovaries. Each individual ovarian activity, formation of corpus luteum, clear 
ovaries, and definite follicles either follows the actual curve of reproduction or 
is diametrically opposed. This indicates that the reproductive performance 
in Geomys parallels the reproductive potential. Miller (op. cit.), working 
with Thomomys, found that at certain times of year ovulation was high but 
“breeding fell far short of the expected.” 

Morphological indicators of breeding in males.-The size and position of the 
testes is often used as an indication of breeding in male mammals. Hill (op. 
cit.) states that with the approach of the breeding season the testes of Thomomys 


TABLE 3.—Seasonal trends in the testes of Geomys breviceps brazensis 


ADULT MALES WITH TESTES POSITION 


NUMBER AVERAGE PRODUCING 
EXAMINED LENGTH SPERM 
Scrotal Inguinal Abdominal! 
mm. per cer per cent per ceni per cent 
1946 
September iB 6.72 18.1 36.3 63.6 0 
October 33 8.93 ee 75.7 15.1 9.0 
November 23 12.04 60.8 86.9 13.0 0 
December 17 14.35 70.5 100.0 0 0 
1947 
January 22 16.61 95.0 100.0 0 0 
February 20) 14.00 100.0 70.0 15.0 15.0 
March 20 15.55 100.0 70.0 10.0 20.0 
April 15 15.46 93.0 80.0 13.3 6.0 
May 1s 15.18 94.0 88.8 5.5 5.5 
June 25 12.35 16.0 68.0 20.0 12.0 
July 23 9.76 38.0 56.5 26.0 17.3 
August 6 6.16 0 83.3 16.6 0 


enlarge and descend through the inguinal canals into a poorly defined scrotum. 
At this time large quantities of fat are deposited on both the posterior and 
anterior epididymis which enlarge with the expansion of the vasa efferentia. 

The annual cycle of the testes in Geemys breviceps appears not to conform 
entirely to the pattern followed by Thomomys. It differs in the position of the 
testes during the non-breeding season. Table 3 gives the quantitative data of 
the position of the testes over a twelve month period. In all months except 
September the percentage of scrotal testes was greater than 50 (Table 3) so 
there appears to be no correlation between the position of testes and the breeding 
season. 

The length of the testes affords a fair indication of breeding activity in Geomys 
as it can definitely be correlated with the production of sperm. In the males 
examined, all those with testes greater than 11 mm. in length possessed large, 
fut epididymis and sperm. Males with testes less than 11 mm. in length had 
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; small epididymes and nosperm. During July, August, September, and October a 
the average length of the testes was less than 11 mm.; in all other months it was ‘a 
greater than 11 mm. and the testes were producing sperm (Table 3). S 
4 This follows very clesely the breeding pattern indicated by the reproductive li 
q cycle in females. There is a gradual increase in testis length from September to 0 
January and a decrease in length at the close of the mating season, beginning in i 
July. 
4 Other evidence of breeding.—Supplementary information on breeding may be 
4 obtained from other sources. Virgins or sexually immature females constitute a 
42.3 per cent of the females collected in September and 25.8 per cent of those 7 
collected in October. The number of virgins drops to 3.3 per cent in November, 
to zero in December and January, and then increases to 20.6 per cent in May a 
(see Table 1). Sagal (1942) reports that the young of Thomomys boitae are “ 
weaned at thirty-five to thirty-seven days after birth and doubtless become 
active in the burrows soon afterwards. Using these figures fer Geomys, a high Ye 
q percentage of sexually immature gophers in the catch indicates a peak of partus “ 
approximately a month or so previously. The high percentage of virgins T 
collected in August, September, and May doubtless results from peaks of pro- a 
duction in June, July, and April. There appears to be no clear explanation for ta 
-s the high percentage of virgins in October. 
; Additional information pertaining to the productive months can be obtained - 
7 by examining nests containing young. During this study six broods of suckling ne 
young were found, one in March, two in April, and three in May. fe 
7 Number of broods._-The number of broods a female produces in one year i” 
| cannot be stated definitely, but an indication can be drawn from quantitative ms 
. data. Since many things may cause variation in normal trends, the number of mee 
. broods can only be approximated and then only for the group and not the ss 
individual. | 
It is the author’s opinion that females of Geomys breviceps brazensis produce a 


two broods in rapid succession. This conclusion was drawn from the fact that 
? five females were examined that possessed both placental scars and small em- 


t bryos. In addition, twelve pregnant females examined from April through July nie 
ke possessed no placental scars and apparently no milk, but the teats had recently of 
been sucked. These females, and the two high productivity periods already bi 
; demonstrated for April and June-July, support the hypothesis that females =e 
produce two broods in rapid sequence. din 
: Miller (op. cit.) refers to Scheffer’s method of estimating the number of broods 
. per female in Thomomys over a period of time. ‘By totaling the percentage of ed 
pregnancies for samples collected at time intervals that correspond to the gesta- me 
tion period, one obtains a value which (divided by 100) is the ‘number-of-brood we 
; factors’.”” He estimates the gestation period in this genus to be one lunar wh 
month. 
: Using this formula for Geomys breviceps (totalling the percentages of preg- i er 
nancies for February, March, April, May, June, and July, and dividing by fen 


100), females average 1.31 litters per year. Since the pregnant females are 


bur 
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seemingly more wary or less active than those not pregnant, the percentage is 
uot reliable and gives a lower figure than is possibly the case. Miller applied 
Scheffer’s formula to the monthly percentage of post-partum females and be- 
lieved that he determined with more accuracy the true annual number of broods. 
On this basis the number of litters per year for G. breviceps is 1.70. 

Number of young per litter—The size of the brood was determined from the 
records of six nests containing young. The greatest number found in a single 
nest was four and the least one. The average was 2.66 young per litter. A 
comparative check was made with the embryo and placental scar counts. 
Thirty-one pregnant females were checked; the greatest number of embryos 
per female was five and the least one, an average of 2.70 per litter. Twenty- 
three post-partum females revealed an average number of 2.52 young per brood 
with the greatest number being four and the least one. The average of the 
estimated number per brood, determined by averaging the embryo and placental 
scar counts, is 2.60, which is very close to the aciual. 

Ser ratio—Both the primary and secondary sex ratios were calculated. 
The secondary ratio was determined from 561 adult gophers, 227 of which were 
males and 334 females. This gives a sex ratio of 1 to 1.4 or 40.4 per cent males 
to 59.6 per cent females. 

The primary sex ratios were determined from well-developed embryos and 
suckling young. The embryo ratio, based on twenty-one individuals (nine 
males and twelve females) is 1 to 1.3, or 42.9 per cent males to 57.1 per cent 
females. Of seventeen young, eight were males and nine were females. This 
gives a sex ratio of 1 to 1.1 or 47.1 per cent males to 52.9 per cent females. The 
combined embryo and “nestling” sex ratio is 1 to 1.2 or 44.7 per cent males to 
55.3 per cent females. There appears to be some factor operating against males. 

Rate of increase.—Theoretically, the rate of increase can be determined by the 
product of the number of litters and the number of young per litter, but no 
combination of factors occurs which enables a species to increase at its theo- 
retical maximum rate. 

Miller (op. cit.) believed that the most practical way of determining the rate of 
increase is in terms of young per unit of population. By multiplying the number 
of young per adult female by the ‘‘effective sex ratio’’ (percentage of reproduc- 
tive females in the population), the coefficient of birth is determined. The gross 
population increase can then be determined by multiplying the number of in- 
dividuals in a given area by the coefficient of birth. 

The average coefficient of birth for Geomys breviceps brazensis, based on an 
“effective sex ratio” of 52 (59.5 x 0.87, the former the secondary female sex 
ratio, the latter the average per cent of females breeding), is 1.7 litters per year, 
and 2.66 young per litter, 2.35. This is considerably lower than in Thomomys 
where the average coefficient is 4.3 (Miller). 

Virgins and sexually mature females.—The use of the word “‘virgin’”’ in Table 
| may be somewhat confusing. The author uses this term to denote young 
females with a closed pubic symphysis. Hisaw (op. cit.), working with Geomys 
bursarius, shows that the pubic symphysis is resorbed under the influence of 
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ovarian hormones. At the approach of the breeding season the female gopher 
begins to lose the symphyseal bar and it is completely lost with the general 
activity of the reproductive system preceding pregnancy. Hisaw states that 
the symphysis is complete through the fall and winter for females born the 
preceding spring, and that absorption does not take place until the approach of 
the breeding season. 

Geomys breviceps seems not to follow the same pattern of resorption of the 
symphysis as that of Geomys bursarius. In breviceps the number of virgins 
(closed pubic symphysis) is high in September, 42.3 per cent, as is to be expected 
at the close of the reproductive season. In October, this number has decreased 
to almost half (Table 1). In; November the percentage drops to 3.3 and in 
December to 0. The low January figure, and possibly the December decline, 
may be explained by Hisaw’s findings, but his hypothesis is insufficient to account 
for the low percentage of “virgins” found in October and November. The 
author is inclined to believe that in breviceps the symphysis is resorbed at the 
approach of puberty. Seemingly puberty in itself stimulates sufficient ovarian 
action to cause the resorption. In this pocket gopher, then, the relationship 
of the absorption of the pubic symphysis to the breeding season appears to be 
incidental. 

The writer separated sexually mature females from juveniles on the basis of 
weight. Females weighing less than 90 grams were considered juveniles. They 
always had the symphysis closed, whereas, in nearly all cases, those weighing 
more than 90 grams had the symphysis opened. 

Sexual maiurity.—It appears that sexual maturity is reached at an early date in 
Geomys breviceps. By the first of November, two months after the termination 
of the reproductive season, all but very few animals have reached puberty. In 
May, virgins make up a high percentage of the total number of females. This 
high percentage rapidly declines in June or July and again increases in August 
and September (Table 1). The peaks in the number of virgin females follow by 
almost exactly one month the dates of most active breeding. The peaks in 
the virginity curve, in both instances, decline to near zero within two months. 
A high peak in reproduction was reached in July, resulting in a high peak in 
virgins in September. In November, two months later, 96.7 per cent of the 
females collected were sexually mature; by December all of them were. The 
assumption that young gophers leave the nest 35-40 days after birth (Sagal, 
op. cit.) accounts for the large percentage of juveniles in September. The low 
percentage of juveniles in November (3.3 per cent of females) gives reason to 
assume that puberty is attained in approximately three months after birth. 
If this were so, one would expect to find small, adult gophers, born in February 
and March, producing young in June and July. In June, 12 per cent and in 
July, 11 per cent of the total number of females observed possessed placental 
scars and weighed less than 100 grams (Table 4). 

Summary.—1. The annual reproductive cycle of Geomys breviceps brazensis 
in Brazos County, Texas, as studied during 1946-1947, showed reproduction 
for seven consecutive months of the vear, February through August. No young 
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were produced from September through January. The peak in production, 
indicated by post-partum females, was June and July with a lesser peak in 
April. 

2. There is a definite correlation between the ovarian cycle and the actual 
breeding performance. Peak periods in the activity of the ovaries are followed 
by peaks in pregnant and post-partum females. The females possessing clear 
ovaries are found, as expected, in months with no reproduction. The reproduc- 
tive performance coincides with the reproductive potential. 

3. Testes 11 mm. or less in length produce no sperm. The length of the 
testis is a fair indicator of breeding since there is an increase in length approach- 
ing the breeding season and a decrease in length at the close of the mating period. 
There appears to be no correlation between position of testes in males and the 
reproductive pattern of females or between position of testes and the production 
of sperm. 


TaBLe 4.—Weight classes of producing female Geomys breviceps brazensis 


FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST 
WEIGHT > Post. Pos Past. 
Preg- | preg. | Post” | preg. | Post” | Preg- | Post | Preg. | Post-| Preg- | preg. | Post 
nant tum nant tum nant | tum nant | tum ant tums nant tum | Bant tum 
per per per per per per per per per per per | per per per 
dias cent cent cent cent cent cent cent cent cent cent cent cent cent cent 
— |12.0| 3.7 — | — 
101-110 |— |— |— 4 |3.7|— | 9.0 
111-120 9.6 | 3.2 | 3.7 | 3.4 | 3.2 | 3.2 | 3.7 - 4 — 3.7 | 7.4) — —_ 
121-130 3.7 | 3.4 6.4 10.3 | 3.4 | 12 (16.0 | 3.7 |11.1 | — - 
131-140 3.2 | 3.2 | 3.7 | 3.4 | 3.2 | 3.4 8.0 | 3.7 7.4; - 
141-150 3.2 - 9.6 | 3.2 | 6.8) — — 11.1 | 3.7 | - 
151- — |- - — |- 3.7 - |— |— 


4. The high percentage of sexually immature gophers collected in May, 
August, and September is in accordance with the data showing two peaks of 
production in April and again in June and July. 

5. Several instances are on record of females producing two broods in rapid 
succession. The estimated number of broods range between 1.31 and 1.70 
litters per year, the latter probably being more nearly correct. 

6. The average number of young per litter based on young in the nest is 2.66. 
The estimated number per litter based on embryo and placental scar counts was 
2.60. 

7. The primary sex ratio, based on embryos and “‘nestlings,’ 


was 44.8 per 


cent males and 55.2 per cent females. The secondary sex ratio, based on sub- 
adults and adults, was 40.4 per cent males to 59.6 per cent females. 

8. There is a marked decline from September to November in the number 
of females possessing a closed pubic symphysis. Seemingly the symphysis is 
absorbed at puberty and not at the onset of the breeding season. 

9. Sexual maturity is reached in Geomys breviceps approximately three months 


after birth. 
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NOTES ON THE RACCOON, PROCYON LOTOR 
MEGALODOUS LOWERY 


By Frep R. 


The raccoon, Procyon lotor megalodous Lowery, is abundant in the marshes 
of the Delta Wildlife Refuge of the U.S. Fish and Wildlife Service. The abun- 
dance of easily available food and the lack of enemies, combined with the absence 
of well-defined, limiting territoriality, permit large populations to develop. 
Unfortunately, the pelt of this raccoon is of such low value that the trapper can 
not profit from its sale. Man thus wields little influence on the populations. 

Although condemned by the trapper for its destruction of trapped muskrats, 
the real role of the raccoon in this community is not evident. They are known 
to destroy many thousands of turtle nests each year and to feed abundantly on 
crawfish, but no detailed specific data on their life history is available to the 
biologist interested in management. A life history study, initiated in early 
1946, could not be continued; some pertinent data from the preliminary field 
work is, therefore, presented here. 

The U.S. Fish and Wildlife Service provided much aid in the collecting of 
material. I am especially indebted to Mr. Kent Myers, Manager of the Delta 
Wildlife Refuge. The following students have aided in the collecting and ex- 
amining of animals: A. H. Chaney, William FE. Bright, Samuel Arny, and John 
Boley. The work was supported by the University Council on Research, 
Tulane University, New Orleans, Louisiana. 

The Delta Refuge occupies an extensive area of marshland near the tip of the 
Mississippi Delta. The only land above water level is that formed by the nat- 
ural levees along the river and the tributary outlets. Willow trees grow 
sparsely along the natural levees which are flooded during periods of high water. 

Raccoons live in the marsh and along the levees when water levels are normal. 
When the water is high, they move to the banks and seek shelter in the willow 
trees. During such periods they may be easily collected in large numbers. 

Trappers’ reports indicate that the raccoons range widely through the ex- 
tensive stretches of marsh, but their complete independence of the levee lands 
and willows is not demonstrated. Their abundance has been judged by their 
numbers along the banks, not by their occurrence in the deep marsh. Popula- 
tions may be normally restricted to ready access to the natural levees, entering 
the marsh deeply only when driven to do so. Individuals caught in open 
ground near the trees and the marsh sought shelter in the marsh rather than 
the willows. Mr. Myers stated that the raccoons could be observed in numbers 
feeding along the shore at night, and that during high wrter one should have 
no difficulty in collecting one hundred or more in one evening. 

Raccoons were collected May 3, May 25, and November 27, 1947. Those 
collected on the latter date were retained in a laboratory freeze unit and ex- 
amined in December. All others were examined within four to eight hours 
after they were shot. Body length, weight, and sex were recorded; reproductive 
organs were examined, and the digestive tracts were preserved. 
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On May 3, the water level was high and the animals were concentrated in the 
willow trees along the levee. Fifteen were collected from 11:00 to 11:30 a.m. 
and several others were observed along a half-mile section of shoreline. 

This first collection contained eight males and seven females. The males 
varied from 48.2 to 54.0 em. in body length and 3810 to 5216 grams in total 
weight. The females varied from 38.4 to 54.1 em. in body length and 2721 to 
5216 grams in total weight. All were gravid except the smallest one. The six 
pregnant females contained 3-5 advanced fetuses each (Table 1). There is 
no correlation of number or weight of fetuses with body length. 

The females were shot from positions in the upper branches of the trees from 
which they were reluctant to move. The males were in lower positions or were 
observed moving about on the ground. 

Water levels were still high when the same area was revisited May 25. Eleven 
females and three males were shot between 10 and 12 a.m. The males varied 
from 47.5 to 50.0 em. in body length and from 4399 to 5579 grams in weight; 


TABLE 1.—Weights and measurements of siz pregnant female raccoons 


FETUS WEIGHTS 


BODY LENGTH WEIGHT NUMBER FETUSES 
Range Total 
cm. gm. gm. gm 

50.8 5034 5 110.3-147.7 634.7 
45.7 4127 3 111.0-131.0 359.1 
53.3 4309 4 98 .5-131.4 441.7 
50.3 5216 4 93 .0-138 .6 466.7 
4808 78.0-102.5 345.9 
51.1 4263 3 79 .3- 97.3 260.6 


the females, 40.0 to 48.0 cm. in body length and 2494 to 4717 grams in weight. 
Ten of the females had just given birth to young. One, an immature female, 
had a body length of 43.7 em. and weight of 2812.3 grams. 

Five raccoons, two juvenile males, two juvenile females, and an adult male 
were collected on the Delta Refuge, November 27. The juvenile males were 
45.7 cm. and 43.8 em. in body length and weighed 1615.9 and 1587.5 grams, 
respectively. The juvenile females were 38.1 and 43.8 cm. in length and weighed 
999.2 and 1530.8 grams, respectively. These juveniles were smaller than any 
individuals taken in the earlier samples. It may be assumed that they are 
young of the year, having been born in late May. These juveniles would prob- 
ably be sexually mature by the spring breeding season. 

Stuewer (Jour. Wildlife Mgt., 7: 60-73, 1943), in a summary of the statements 
of time of birth from the literature, reports that the young were usually dropped 
in April and May. He reports eight litters born between April 1 and May 15 
in Michigan. Arthur (La. Dept. Conserv., Bull. 18: 1-433, 1928) states that 
the raccoons of Louisiana give birth to their young during February, March, 
and early April. He reports one female taken near Boutte, St. Charles Parish, 
February 9, which contained four advanced fetuses. The raccoons on which 
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Arthur bases his statements may have been members of the subspecies, Procyon 
lotor varius Nelson and Goldman. 

None of the twenty-nine individuals collected in May had been feeding 
within the last few hours. The stomachs and upper parts of the intestines 
were empty, but the large intestines were full. The contents of fifteen of the 
intestines were removed to determine the kind of food represented. Each was 
examined separately in water and the contents of all then consolidated, washed, 
and dehydrated for analysis. Each of the intestines contained predominantly 
crawfish parts, five had turtle egg shells, and two contained bones of mammals. 

It was anticipated that these raccoons would feed on the very abundant fiddler 
crabs of the region but no fragments were found. It was assumed that the 
crawfish fragments were those of the red crawfish, Procambarus clarkit, the only 
crawfish known from the refuge. Vertebrae and ribs of a young muskrat were 
found in one intestine, and the ribs and long bones of a small rodent in another. 
The eggshell fragments were those of the snapping turtle (Chelydra serpentina), 
the slider turtle (Pseudemys scripta troostii), and the soft shell (Amyda sp.). 
The turtle egg shells were not expected since it has been generally assumed that 
the raccoon swallows the contents of the eggs without eating the shell. 

The raccoon has been condemned as a major factor in the great reduction of 
the populations of the commercially important diamond-back turtle. The 
turtles of the delta region have only small areas of high land on which to deposit 
their eggs and nests are thus concentrated. Several hundred may be found 
along a short stretch of levee. Under such conditions the raccoons do ap- 
parently destroy a high percentage of the eggs deposited. 

Raccoons probably do capture smal! muskrats for food, but their activities 
are not likely to be harmful in the rich southern marshes where one of the major 
problems is over-population of muskrats resulting in severe marsh damage as a 
result of eat-outs (Lynch, O’Neil, and Lay, Jour. Wildlife Mgt., 11: 50-76, 
1947). 


Zoology Department, Tulane University, New Orleans, Louisiana. Received January 27, 
1948 
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THE BAT NAME MYOTIS RUDDI SILLIMAN AND VON BLOEKER, A 
SYNONYM OF MYOTIS VOLANS LONGICRUS (TRUE) 


By Sera B. Benson 


The O. P. Silliman collection of mammals came to the Museum of Vertebrate 
Zoolegy as a gift from Mr. Robert L. Rudd. Most of the specimens were 
collected and prepared by J. C. von Bloeker and R. L. Rudd. Identifications on 
the labels are in the handwriting of von Bloeker. Recently, while arranging 
the collection for cataloging, | examined the specimens upon which the name 
Myotis ruddi Silliman and von Bloeker (Proc. Biol. Soc. Washington, 51: 167, 
1938) was based. All these, except two already in the Museum of Vertebrate 
Zoology collection, were present in the Silliman collection and with the name 
Myotis ruddi on the labels. I found that these specimens actually included four 
species, and that Myotis ruddi is a synonym of Myotis volans longicrus (True). 
Errors in the technique of labelling and preparing skulls and in identification 
were evident. All specimens assigned to ruddi were melanistic or nearly so. 
Six, including the type, are J. volans longicrus, one is Myotis yumanensis satura- 
tus, two are skins of Myotis lucifugus alascensis of which one is accompanied by a 
skull of Myotis yumanensis and the other by a skull of Myotis californicus. 

The specimens originally in the Silliman collection were from Monterey 
County, California. The describers also included one in the collection of the 
Museum of Vertebrate Zoology from San Benito County, California. Taking 
the specimens in the order listed in the original description the specimen numbers 
are now as follows: Lake Espinosa, 50 feet elevation, Salinas Valley, Monterey 
County: orig. no. 6895, J. C. von Bloeker; 87, O. P. Silliman; 107900, Mus 
Vert. Zool. This specimen is represented by the skin of an immature Myotis 
lucifugus alascensis. It agrees with other skins of this species from the same 
locality except that it is slightly darker than the darkest (also an immature) 
of the other specimens. This series of sixteen specimens exhibits a considerable 
amount of variation in color. The paler specimens had been labeled Myotis 
yumanensis sociabilis and the darker ones, except for the one referred to ruddt, 
correctly assigned to Myotis lucifugus alascensis. The skull accompanying this 
skin represents an adult Myotis californicus. Fading of the writing on the 
original skull label may have been the cause for the error since the original 
label shows that the original number had been retraced, mistakenly, after the 
skull and label had gone through the cleaning process. It is also evident that 
some error had been made in recording measurement data on the skin label for 
some of the measurements had been written over and now are larger than those 
recorded in the field catalogue of the collector. 

Chews Ridge, 5000 feet elevation, Santa Lucia Mountains, Monterey County: 
orig. no. 6457, J. C. von Bloeker; 88, O. P. Silliman; 107893, Mus. Vert. Zool. 
This specimen includes a skin of an immature M yotts lucifugus alascensis which 
had been badly damaged when the bat was shot. The skull associated with the 
skin is that of an adult Myotis yumanensis. Complete evidence that it ik ~ot 
to be correctly associated with the skin is that the skull is perfect and undama, ' 
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while the skin shows that the skull was shattered when the bat was shot, for 
| an upper incisor tooth is still present in the dried tissue attached to the lip. 
The skull label also shows that an error had been made in attempting to as- 
sociute skin and skull, for one side bears faded indications, not clearly readable, 
of a number different from the clearly written number of the reverse side of the 
label. It is evideut that this latter number had been written after the label had 

passed through the cleaning process. 

Priest Valley, 2500 feet elevation, Diablo Range, Monterey County. The 
three specimens from this locality are matched skins and skulls of Myotis volans 
longicrus. The numbers are, respectively: 7901, 7949, 8571, J. C. von Bloeker; 
90, 91, 92, 0. P. Silliman; 107917, 107918, 107922, Mus. Vert. Zool. 

Lewis Creek, 1750 feet elevation, Diablo Range, Monterey County: orig. 
no. 8582, J. C. von Bloeker; 89, O. P. Silliman; 107914, Mus. Vert. Zool. This 
specimen is a skin and skull of Myotis volans longicrus. 

Lime Kiln Creek, 250 feet elevation, Santa Lucia Mountains, (southwestern) 
Monterey County. One of the two specimens, the type of Myotis ruddi, is 
orig. no. 8385, J. C. von Bloeker; 81549, Mus. Vert. Zool. This specimen is a 

skin and skull of Myotis volans longicrus. The other specimen, orig. no. 8342, 
J. C. von Bloeker; 93, O. P. Silliman; 107924, Mus. Vert. Zool., is a skin and 
skull of Myolis yumanensis saturatus. 

Laguna Ranch, 4000 feet elevation, 4 miles south of Hernandez, San Benito 

County: orig. no. 1697, D. H. Johnson; 72509, Mus. Vert. Zool. This specimen 

; is a skin and skuii of Myotis volans longicrus. 

r it seems apparent that the describers placed most reliance on dark color as 

the chief distinguishing character of Myotis “ruddi’’ as each of the specimens 


5 assigned to it is melanistic or nearly so. In view of the fact that the skulls 
2 supposed to belong to the skins actually represent three species it is not difficult 
) to understand why skull characters were not particularly stressed. Misiden- 
> tifications of other species of Myotis from the area supposedly inhabited by M. 
s ‘‘ruddi”’ must have increased the difficulty of making proper comparisons and 
d in selecting truly identifying characters. Specimens of Myotis lucifugus al- : 
S ascensis from Lake Espinosa are variously designated as M. ruddi, M. lucifugus oe 
e alascensis, and M. yumanensis socialilis. The series of 11. yumanensis includes 7 
] four specimens correctly designated as M. yumanensis, but also one designated 7 
e as M. ruddi and one as M. lucifugus. The series of Myotis volans includes four 
t designated as M. volans, four as M. ruddi, and one as M. lucifugus. 
r The type specimen and five others are Myotis volans longicrus. All these have 
e | the relatively short ear, large hind foot, keeled calcar, large interfemoral mem- 


branes, short rostrum, and elevated occiput characteristic of that species, while 
the supposedly characteristic dark color is shared by many specimens of M. v. 


4 longicrus. Indeed, a few of the specimens of “‘ruddi”’ have a reddish cast like 
h that in some “normal” specimens of M. v. longicrus. The specimens which ] 
e truly belong to “ruddi’”’ differ from M. lucifugus and M. yumanensis in most of 
yt the characters listed in the original description, but do not differ from volans 


in the characters by which “ruddi”’ is supposed to be distinguishable from that 


a 
el 


50 JOURNAL OF MAMMALOGY Vol. 30, No. 1 


species. In some of the characters, the conditions, as judged by the averages, 
are the reverse of those stated although the differences are not significant. Com- 
pared with volans, ‘‘ruddi’’ was alleged to have: ‘‘Greater total length, longer 
tail and larger hind foot, skull longer, with shorter and broader rostrum, and 
greater occipital depth.” The measurements which follow were selected to test 
these characters. The m asurements for total length and tail are those of the 
collectors, the others (also in millimeters) were made by me from the skins and 
skulls and so are comparable. 

The six conspecific specimens of **rudd7”’ (nos. 107914, 107915, 107918, 107922, 
72509, 81549, Mus. Vert. Zool.) have the following average and extreme measure- 
ments in millimeters: ‘ reatest length, 101 (96-105); tail, 46 (44-47); hind foot. 
(caleaneum to end of ciaws), 9.1 (8.8-9.3); forearm, 38.2 (37.8-38.7); tibia, 17.2 
(16.6-17.9); greatest length of skull (from premaxillae at base of incisors to 
occiput above foramen magnum), 13.5 (13.2-13.9); occipital depth, 5.3 (5.2- 
5.5); greatest width across maxillary toothrows at third molar, 5.5 (5.3-5.7); 
length of maxillary toothrow (measured on left side from anterior face of canine 
above cingulum to posterior face of last molar), 5.1 (5.0-5.3). Five specimens of 
M. v. longicrus in the Silliman collection from localities within the range of 
“ruddi”’ (nos. 107916, 107919, 107920, 107921, 107923, Mus. Vert. Zool.): 
Greatest length, 104 (98-108); tail, 48 (44-52); hind foot, 9.3 (9.1-9.6); forearm, 
38.3 (37.2-39.7); tibia, 17.1 (16.3-17.5); greatest length of skull (four specimens), 
13.4 (13.2-13.7); occipital depth (four specimens), 5.3 (5.2-5.4); width across 
maxillary toothrows (two specimens), 5.5 and 5.6; length of maxillary toothrow 
(two specimens), 5.1 and 5.2. All these measurements, both of “ruddi’’ and 
volans, are within the range of variation of M. v. longtcrus from Washington 
to California as determined by measurements not included here. 

To summarize, Myotis ruddi is identical with Myotis volans longicrus. The 
color phase upon which “ruddi” is based is common in specimens throughout 
the range of longicrus. Also, as judged by examination of 103 specimens from a 
breeding colony of Myotis volans from Old Fort Tejon, Kern County, California, 
color variation in this species may be unusually great in some areas as com- 
pared with most other species in the genus. This series, assigned on average of 
characters to the race M. v. interior, includes specimens extremely pale for the 
race and some as dark as the average for longicrus. None of them, however, 
is quite as dark as the darkest “‘ruddi’’ although some are almost indistinguish- 
able from paler specimens. ‘There are no significant differences between “‘ruddi”’ 
and Californian specimens of Myotis volans in size or skull characters in the 
available specimens. 


Museum of Vertebrate Zoology, | niversity of California, Berkeley 4, California. Received 
January 21, 1948 
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HIBERNATING TEMPERATURE OF THE BAT, 
MYOTIS CALIFORNICUS PALLIDUS 


By G. Reever 


Between December 20 and December 28, 1947, the writer, with Mr. John A. 
Kopec, made a short field trip to the southern and central portions of Nevada. 
At every possible occasion, mine tunnels and diggings were investigated to deter- 
mine the type of bats hibernating therein. At the time of collection of bats in 
the various localities, their internal body temperatures were registered, together 
with the relative state of torpidity in each individual. The data resulting from 
this endeavor showed an interesting relation of body temperature to that of the 
environment. 

The instrument used in recording the body temperatures was a centigrade 
thermometer with small reservoir bulb, 8 by 2 millimeters, which allowed the in- 
strument to enter the esophagus of the bat with facility. The thermometer had 
a range from 0° to 50°C., graduated in fifths of a degree. 

The mines were entered and traversed with a minimum of noise and disturb- 
ance. As great care was taken in this respect, the resident bats of the tunnel 
probably were affected very little by this factor. A three-cell fla:*'ight was used 
to search carefully all crevices. When a bat was spotted with th tht, the direct 
beam was moved to one side so as to produce a minimum of disturbance. Im- 
mediately, where the height of the mine permitted, the animal was grasped by 
the hind legs, tail, and interfemoral membrane, and removed from its roost. The 
hold on the bat was adjusted quickly so that the fingers of the collector were 
grasping only the tips of these appendages, thus reducing th heat conduction 
from the fingers to the body of the animal. The thermometer bulb was then in- 
serted through the mouth into the esophagus as deeply as possible without serious 
injury to the animal. 

The mercury of the thermometer was observed carefully and constantly, the 
reading being made at the point when the first upward or downward fluctuation 
had ceased and the instrument had assumed the true temperature of the body. 
This period usually approximated 20 to 30 seconds. After the reading, the in- 
strument was held in position until the temperature began a swift upward move- 
ment, after which the thermometer was removed. The upper limit of this 
fluctuation of temperature was inconsistent, being indeterminable in many cases. 
At this time the bat was immediately killed to be used in further studies. 

This great rise in temperature probably was brought about as a result of several 
factors. The dazed animal, in the process of his rapid awakening, no doubt 
quickly increases his own body temperature to the minimum necessary for mod- 
erate activity. The rate of blood circulation in the bat increases as torpidity is 
overcome, thus conducting the heat from the fingers of the collector to other parts 
of its body. 

In the short interval during which the bat was arousing from the torpid condi- 
tion it quivered almost unceasingly. It immediately set up extremely fast, 
though minute, vibrations, in the manner of a prolonged violent shiver. This 
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action was alternated with seemingly unorganized series of movements of the 
wings and legs in order io escape the grasp of its captor. At the times of these 
relatively smooth actions of the larger muscles, there was no indication of the 
vibratory shiver. 

During the whole process of handling the bats, it was necessary that they be 
allowed to make no sounds, audible or inaudible to the human ear. This is an 
important phase of technique which must not be neglected. A shrill sound from 
the captive animal likely will arouse any other torpid bat within hearing distance. 


TaBLe |.—Body Temperatures of Some Myotis californicus pallidus from Nevada 


SPECIMEN NOMMER oF ACTIVITY WHEN CAPFORED | 

7 of Slight ear movements 12.8 12.6 
8 9 None apparent 11.6 12.6 
9¢ None apparent 12.0 12.6 
0 None apparent 12.4 12.6 
ll § Slight ear movements 12.4 11.8 
12¢ None apparent 11.4 11.8 
13 ot Very slight wi movement 12.2 11.8 
40 None apparent 12.0 11.8 
15 ¢ None apparent 11.6 11.8 
16 None apparent 11.8 11.8 
17 9 None apparent 12.4 11.8 
18 of None apparent 11.8 11.8 
19 9 None apparen‘ 11.4 10.7 
20 9 None apparent 12.3 10.7 
21 9 Slight ear movements 12.7 11.9 
22 9 None apparent 13.4 11.9 
23 9 None apparent 12.2 11.9 
24 ¢ None apparent 10.4 11.9 
27 9 None apparent 11.0 11.9 
23 None apparent 10.9 11.9 
29 9 None apparent 11.0 11.9 
30 @ None apparent 10.8 11.9 
31 9 None apparent 11.2 11.9 


The environmental temperatures of the four mines, near Beatty, Nevada, in 
which Myotis californicus pallidus was found, were remarkably alike. The read- 
ings were taken ten feet within the tunnel mouth and one inch from the rock walls, 
thus approximating closely the temperatures at which the animals are found. 
The following were the temperatures of the aforementioned mines: 10.7°, 11.8°, 
11.9°, and 12.6°C. The mean temperature of these inhabited mines was, there- 


fore, approximately 11.8°C. The mean of the twenty-three temperatures re- 


corded for Myotis californicus pallidus in an extremely torpid state was 11.9°C., 
differing just 0.1°C. from the average of the mine temperatures. As shown in 
Table 1, the range of body temperatures was 10.8° to 13.4°C., most of the meas- 
urements concentrating in the lower part of this range. The temperature of the 
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atinosphere outside of the mines each night fell somewhat below freezing, which 
probably affected the inside of the tunnels somewhat. 

While it is dangerous to speculate too extensively and make positive statements 
concerning these twenty-three measurements, it seems legitimate to draw a few 
tentative conclusions. 

As with some other mammals, when the environmental temperature drops to 
a certain level, Myotis californicus pallidus apparently experiences a difficulty in 
making free, uninhibited body movements. At this time, the animal may find 
a suitable roost, where it will remain until more favorable temperature conditions 
are prevalent. During this period of inactivity, the body temperature of the 
animal lowers greatly, soon approximating that of the environment. The appar- 
ent absence of bats flying in the vicinity of Beatty, Nevada, at this time, would 
indicate that the animals do not awaken intermittently and pursue food. How- 
ever, a stimulus or shock of an exciting nature, and probably the raising of 
nightly ambient temperatures, will cause the bat to raise his body temperature to 
optimum level for activity. This these individuals apparently accomplish 
through a series of high frequency vibrations or shivers, which rapidly raise the 
body temperature. To what extent body heat can be generated by this method 
is unknown. 

Torpidity in bats presents an interesting problem, which certainly has not been 
fully investigated. Study of certain physiological characteristics in relation to 
the environment will undoubtedly prove important in the final life history analy- 
sis of the Chiroptera. 

I wish to acknowledge the willing assistance and encouragement given to me, 
in connection with this project, by Dr. Raymond C. Cowles of the University of 
California, Los Angeles. 


Dept. Zool., Univ. Calif., Los Angeles 24, Calif. Received April 6, 1948. 
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COMPARATIVE SCROTAL AND ABDOMINAL TEMPERATURES 
IN A TROPICAL WILD RODENT 


By Juan J. ANGULO 


Experiments similar to those which led to the discovery of the functions of the 
scrotum were performed on a Cuban native tropical rodent, the conga hutia, 
Capromys pilorides (Say). 

This species has been found to be a continuous breeder by Angulo and Alvarez 
(i948) who also described the male genital tract. Its habits have been studied 
by Bucher (1937). 

Moore and Quick (1924), Harrenstein (1928), and Phillips and Mckenzie 
(1934) found that there is a difference in temperature between the abdomen and 
the scrotum in animals with ample communication between the two, such as the 
guinea pig, the rat, and the rabbit. Also, there is a difference in man and sheep 
where there is no communication between the cavities. The difference in 
temperature is more marked in certain species than in others; and in the same speci- 
men it varies with the environmental temperature. These observations demon- 
strated that the scrotum is a temperature regulator for testes, and other observa- 
tions have shown that this function is necessary for successful spermatogenesis 
(Moore, 1939). The comparative scrotal and abdominal temperatures in the 
conga hutia are here presented. 

Materia! and methods.—Eight adult males were used. As general anesthesia 
interferes with normal regulation of body temperature, no anesthetic was em- 
ployed. The animals were securely fastened to the operating table by the 
extremities andehead. The hutias stood the surgical manipulations without 
resistance, except when traction was accidentally applied to the wound; and in 
those cases, the movements of the body ended shortly. Significant effects on the 
temperature which could be attributed to such movements were not observed. 

A lateral incision was made slightly above one of the inguinal orifices and a 
thermometer was introduced in the abdominal cavity. Another incision, suffi- 
ciently large to admit the bulb of a thermometer, was made at the bese of the 
inguinal! bursa on the same side of the abdominal cavity, and another thermome- 
ter was introduced between the parietal layer of the tunica vaginalis and the 
testicle to the bottom of the scrotal cavity. The position of the bulb was 
checked by moving the thermometer and by palpation. 

‘Two direct reading thermometers, graduated in tenths of degrees centigrade, 
were employed. In the first animal used, only two readings that were separated 
by an adequate interval of time were made. In the second reading, the ther- 


mometers were exchanged so that the “abdominal thermometer’? was placed in 


the bursa and the “scrotal thermometer” in the abdominal cavity. In each of 
the remaining specimens, simultaneous readings of both thermometers were 
taken seven times by two operators at two-minute intervals, beginning two min- 
utes after the insertion in the wounds. 

The temperature of the operating room in every case as well as the rectal 
temperature in seven animals was recorded. The rectal thermometer was of the 


at 


re 


Fe 
| 
18 
ni 
th 
w 
= 


Feb., 1949 ANGULO—ABDOMINAL TEMPERATURES 55 
direct reading type, thus allowing observations of temperature variations which 
is impossible with a clinical thermometer. The rectal temperature was taken 
simultaneously with those of the abdomen and scrotum. 
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Fic. 1.—Every ordinate represents the difference at a given time between scrotal and 
abdominal temperatures. Abscissae represent the time of reading in relation to the begin 
ning of the experiment 


Results —The range of actual readings obtained from abdominal and scrotal 
thermometers as well as the mean differences in every. specimen may be seen in 
Table 1. An average of the mean differences of each one of the eight hutias used 
was 1.89 degrees centigrade. 

The actual differences between the abdominal and scrotal temperatures in 
relation to the time of reading may be observed in Figure 1. The lowest differ- 
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ence was 1.15 degrees centigrade in numbers 46 and 47, and the highest was 3.75 
degrees in number 29. 

Discussion.—The results obtained in this study of a tropical wild rodent are 
identical with those found in domestic animals, native of countries with temper- 
ate climate; they were not influenced by anesthesia. This supplies another 
example of the scrotum being a temperature regulator for the testes. 

It is striking to note that at practically the same room temperature, an appre- 
ciable difference in results was observed, so much so that in six specimens the 
mean difference between the abdominal and scrotal temperatures was 1.25, 1.35, 
1.35, 1.70, 1.74, and 1.75 degrees centigrade, respectively; while in the remaining 
two specimens the mean differences were 2.40 and 3.60 degrees, respectively. 
This fact may ‘e attributed to individual variation. In favor of this hypothesis 
are: several animals were used, numerous readings were made, and the tempera- 
tures at a given point were uniform. 


TaBLe 1.—Rectal, abdominal, and scrotal temperatures (centigrade) of eight different animals 
AVERAGE OF 


FERENCES 
ROOM RECTAL ABDOMINAL TEMPERA- SCROTAL TEMPERA 


HUTIA NUMBER TEMPERATURE TEMPERATURE TURE RANGE TURE RANGE oe wap 

SCROTAL 
16 31.00 38.50 37 .85-38 .35 36 .70-37 .10 1.25 
45 32.20 39.40 39 .20-39 .50 37 .60-38 .30 1.35 
47 32.20 39.80 39 .28-39.70 37 . 80-38 .50 1.35 
40 31.65 37.20 36 .87-37 .45 34.88-36.05 1.70 
44 31.00 38.30 38 .60-38 .90 36 .90-37 .20 1.74 
41” 30.00 36 . 40-36 .40 34.55-34.75 1.75 
39 31.00 37.25 37 .00-37 .20 34.45-34.90 2.40 
29 30.80 37.35 36. 70-37 .40 33.10-34.10 3.60 


* Only two readings were made. 


As seen in Figure 1, in six out of eight hutias studied at room temperature of 
about 31 degrees centigrade, the difference between the abdominal and scrotal 
temperatures was similar to that found by Moore and Quick (1924) in the rabbit. 
Hutia number 39 behaved in this respect like the guinea pig, and hutia number 29 
like the rat. 

summary.—-1. In the conga hutia, Capromys pilorides (Say), a tropical wild 
rodent, the temperature of the inguinal bursa was lower than that of the abdomi- 
nal cavity in every one of the eight animals used and at all times during the 
experiments. 

2. At a room temperature of 31 degrees centigrade, mean difference varied 
from 1.25 to 3.60 degrees centigrade according to the specimen. The lowest 
actual difference for the series was 1.15 degrees and the highest 3.75 degrees. 

Acknowledgment._-The author wishes to thank Dr. César Fuentes and Dr. 
Armando Leén Canciano for their kindness in providing laboratory facilities for 
this work. 


Feb., 


4 
ANG 
Buc 
Har 
Moc 
Moc 
Pur 
Cub 
| | 
( 
Re 
stu 
list 
mo 
q for 
nu 
be 
ha 
ar 
th 
th 
pl. 
pe 
he 
ha 
in 
ch 
18 
ra 
tk 
re 
bey 


Feb., 1949 MOORE—FLORIDA MAMMALS 57 


LITERATURE CITED 

Anouto, J. J., anp M. T. Atvarez. 1948. The genital tract of the male conga hutia. 
Jour. Mamm., 29: 277-85. 

Bucner, G.C. 1937. Notes on the life-history and habits of Capromys. Memorias Soc. 
Cub. Hist. Nat., 11: 93. 

HARRENSTEIN, R. J. 1928. Ueber die Funktion des Skrotums und die Behandlung der 
Retentio testis beim Menschen. Zentralb. f. Chir., 55: 1734. 

Moore, C. R. 1939. Biology of the testes. In Allen, C. H., C. H. Danforth and E. A. 
Doisy’s Sex and Internal Secretions. Baltimore, The Williams and Wilkins 
Co. 

Moore, C. R., ano W. J. Quick. 1924. Scrotum as a temperature regulator for testes. 
Amer. Jour. Physiol., 68: 70 

Puiuuirs, R. W., anp F. F. McKenziz. 1934. The thermoregulatory function and mech- 
anism of the scrotum. Missouri Agr. Exp. Sta., Bull., no. 217. 

Department of Experimental Pathology, School of Medicine, University of Havana, Havana, 


Cuba. Received February 27, 1948 


PUTNAM COUNTY AND OTHER FLORIDA MAMMAL NOTES 
By Curtis Moore 


Observations on mammals made on the University of Florida Conservation 
Reserve, Welaka, Putnam County, Florida, during four-month periods of field 
study in 1940 and 1942 have been reported upon by the writer (1946) in a paper 
listing thirty-one native and three introduced forms. Since then a sixteen- 
month period, February 1946 to June 1947, has been spent on the Reserve. Five 
forms not reported in the previous paper (Pipistrellus subflavus, Dasypterus florida- 
nus, Nycticetus humeralis, Corynorhinus macrotis, and Rattus rattus rattus) have 
been collected on the Reserve or nearby in Putnam County, and further data on 
habitat preferences of several forms, breeding records, and food habits from this 
area and other parts of Florida have accumulated. It seems desirable to present 
these data here. A generalized vegetation map of the Reserve was presented in 
the earlier paper (1946: 50), and Laessle (1942) has reported on and mapped the 
plant communities in greater detail. The major portion of the field work of this 
period was conducted in longleaf pine-turkey oak on a problem not discussed 
here, and virtually no small mammal trapping was undertaken. The Reserve 
has been protected from fire since 1936. This is bringing about profound changes 
in the aspect of the longleaf pine flatwoods and some other communities. The 
change which took place during the five-year interval between field study periods 
is striking. 

Acknowledgment is made to H. B. Sherman and J. Speed Rogers for the ar- 
rangements which made possible this long study period afield. A fellowship 
granted by the Graduate School of the University of Florida was helpful. For 
the excellent accommodations at the Reserve and the co-operative attitude of the 
resident staff, gratitude is expressed to H. H. Hume, Dean of the College of 
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Agriculture, University of Florida. J. 1. Moore helped me with field work on the 
occasions of two visits. R.E. Bellamy and W. M. McLane, who were engaged in 
concurrent studies at the Reserve, were exceedingly generous with their personal 
transporation, time, and observations. Bellamy’s indefatigable interest in the 
preservation of natural history data outside of his own field will become apparent 
in the succeeding pages. I am indebted to H. B. Sherman and Olive B. Goin for 
critically reading the manuscript. 


ACCOUNTS OF SPECIES 


Didelphis virginiana pigra Bangs. Opossum.—Of my fifty-three recorded observations on 
opossums or their tracks in various plant communities, twenty are for the scrub. (All of my 
“scrub” records are for scrubby flatwoods according to Laessle, 1942: 29.) This is a con- 
siderably higher figure than that for any other one community, but since field observations 
were so largely confined to the drier communities, it is suited only for comparison with the 
thirteen records for the longleaf pine-turkey oak and the still fewer for the xeric 
hammock and longleaf pine flatweods. Opossums doubtless profit by the dense, unyielding 
cover of the scrub. These animals followed firelanes and truck trails much less frequently 
and less persistently than did the foxes and raccoons. Many more opossum tracks than fox 
or raccoon tracks were seen crossing trails and firelanes, and considerably fewer opossum 
tracks than the others following trails and firelanes. 

Highway casualties of males with scrotal testes were found clos« to bayheads November 2 
and December 16, 1946. These measured 585-255-56-42 and 760-318-65-55 mm., and weighed 
2.25 and 4.75 pounds, respectively. Tracks of nursling or very recently weaned opossums 
were observed in scrub May 18, 1947, and in flatwoods near a pond and incipient bayhead 
February 11, 1946. Highway casualties of two opossums about one-third grown were 
examined October 5, 1947, in Putnam County. One occurred 5.2 miles west of Palatka, on 
Floride highway 20, and the other 4.3 miles north of Satsuma, on U. 8. highway 17. The lat- 
ter’s total length measured about 460 mm.; its bind feet, 55 mm. 

Scalopus aquaticus australis (Chapman). Common mole.—Three male moles examined 
weighed 25, 35, and 45 grams, respectively, the last measured 150-22-18 mm. when found dead 
of unknown causes in flatwoods by Patty Bellamy, June 7, 1946. The other two are highway 
casualties of May 27, 1947, found immediately north of the Reserve lying about 300 yards 
apart. Chironomids were then emerging in swarms from the fish ponds on either side of the 
roa 

Blarina brevicauda carolinensis (Bachman). Short-tailed shrew.—A lactating female, 
which was trapped in a small bayhead October 26, 1946, measured 102-24-13 mm. and weighed 
9.9 grams. A male, taken the following day in the same bayhead, measured 88-22-12 mm. 
and weighed 8.7 grams. 

Pipistrellus subfiavus subflavus (F. Cuvier). Pipistrelle.—This bat has been previously 
reported (Sherman, 1936: 107) only from Alachua, Citrus, Dixie, and Pinellas counties in 
Florida. On the Reserve, McLane shot a male at 6:42 p.m., January 28, 1947. It was flying 
above scrub and a flatwoods pond. Lactating females were shot on June 1 and 3, 1947, respec- 
tively, at 7:35 p.m. in mature mesic hammock and at 8:00 p.m. above a truck trail in longleaf 
pine flatwoods. The breeding records agree closely with those reported by Harper 
(1927 : 272) for the Okefinokee Swamp. 

Under U. S. highway 17, in Putnam County, 1.6 miles north of Satsuma, one pipistrelle 
was collected eech morning, December 24, 1946, January 10 and 22, and February 12, 1947,ina 
concrete cvivert which was 6 by 6 by about 75 feet. This culvert is at the bottom of a ravine 
some forty feet deep, and it probably has water running through it the year around. The 
four times pipistrelles were found were mornings after especially cold nights, and the bats 
were cold to the touch and sluggish. When the culvert was visited between these times. but 


during milder weather, no bats were found. Five bats weighed 5.5 to 6.7 grams. 
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Lasiurus seminolus (Rhoads). Seminole bat.—One lactating and two pregnant female 
Seminole bats were shot on June 3, 1947. Harper (1927; 276) presumed that parturition 


occurs in this bat toward the last of May, Lowery (1943; 223) mentioned having examined. bs 
suckling young, and Barkalow (1948: 415) took pregnant females on May 9 and 12. One ¥ 
containing two embryos began circling the Reserve sawmill at dawn. It was collected i 


at 4:50 a.m. when there was just enough light for shooting. J. I. Moore and I shot another 
at 7:40 p.m. which contained four embryos and was flying above the paved road where it 
passes through scrubby flatwoods. One taken five minutes later in the same place was 
lactating and had three placental scars. Stripped of their extra-embryonic membranes, the 
pair of embryos weighed 2.3 grams of their mother’s gross 16.9 grams, and the set of four 
weighed 6 grams of the mother’s gross 20.0grams. Seminole bat records are shown in Table 1. 


TABLE 1.—Seminole bat records 


SEX TIME DATI OLLECTIN SIT BREEDING MEASUREMENTS WEIGHT 
M 6:10 p.m. 1-18-47 Longleaf pine-turkey oak 97-47-7-7 9.7 
M Evening 2-15-47 Sawmill on the Reserve 98-45-9-7 7.9 

M 8:20 p.aw. | 6- 2-47 Mud Spring Run, swamp 96-48-9-6 11.4 
F 4:50 a.m. 6- 3-47 Sawmill on the Reserve Pregnant 111-54-9-8 | 16.9 
L F 7:40 P.M. 6-— 3-47 Serub above pave d road Pregnant 112+47-9-8 20.0 

F 7:45 p.m. 6- 3-47 Scrub above paved road Lactating 102-47-9-8 10.3 
4 


Dasypterus floridanus (Miller). Florida yellow bat.—At the Reserve sawmill, about dusk, 
yellow bats were collected on four of the ten occasions on which they were seen. They flew 
in circles about the mill or hawked back and forth along one side or the other rather consist- 
ently at fifteen to twenty feet above the ground. At this time of day, insects rose in streams 


; from the large area of piled sawdust and cut-off board ends, and the bats filled their stomachs 
in the first five to ten minutes of flight. Patrolling in a leisurely manner, and sometimes 
j almost hovering, they were quite unafraid of me on the first four or five occasions, and dipped 
TaBLeE 2.—Yellow bat records 
s SEX TIM} DATE MEASUREMENTS WEIGHT FOREARM WINGSPREAD BREEDING 
e 
M 6:30 p.m. 1-18-47 | 125-52-10-11 17.9 47 355 - 
j M 6:35 p.m. 1-25-47 | 120-54-10-11 17.9 $7 Wing broken 
: M Evening 2-20-47 | 116—-46-10-10 15.3 47 353 7 
F Evening §3- 1-47 | 130-54-10-11 16.6 50 Wing broken | Vulva per . 
forate ‘ 
& freely to within a few feet of my head as if curious. After one was shot on each of the first : 
2 four visits, however, the bats began to leave at once upon my arrival at the sawmill, or if 
uf they stayed until shot at, they patrolled at markedly higher speed than formerly. Smaller . 
ir bats such as the Seminole bat were seen at the sawmill occasionally, but not at the same time 
as the yellow bats. The latter were distinguished by large size and manner of flight. Many 
le visits were made to the sawmill at dusk when no bats at all were seen. Two is the most seen 
S at one time, but that number was seen after the four had been collected. 
e Although Seminole bats were frequently seen earlier, the yellow bats arrived at the saw- 
ie mill between twenty and thirty-five minutes after sundown, more often the latter, in which 
ts case it was sometimes no longer possible to see them beyond seventy-five feet. Where they 
it 


came from was not ascertained, but on two occasions bats which were evidently hit but not 
disabled flew toward a thick stand of tall slash pines 100 yards distant. Another time a 
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bat, which was either hii or badly frightened, flew directly toward a stand of tall longleaf 
pines 150 vards away. Sherman (1945a: 194) reported two yellow bats roosting in a large 
pine in Gainesville, and it may be that this is a common practice of the species. The yellow 
bat observations were made in 1947 on the following dates: January 18 and 25, February 20, 
March 1 and 6, April 4, 5, 14, and 27, and May 16. Yellow bat records are shown in Table 2. 

Nycticeius humeralis (Rafinesque). Twilight bat.—A lactating female was shot cer 
Mud Spring Run May 31, 1947, at 8:05 p.m. This record fits nicely into the pattern of breed- 
ing records reported by Harper (1927: 278). The specimen is large, measuring 95-43-9-10 
mim. and weighing 10.8 grams. 

Corynorhinus macrotis LeConte. Lump-nosed bat.—Bellamy captured a male and female 
of this species with his bug net in the above described culvert, 1.6 miles north of Satsuma, 
on November 5, 1946. Sixteen days later he saw another of this species in the same culvert. 
According to Sherman (1945): 201) this is the third record of macrotis in Florida. Male 
and female measured 96-45-11-30 mm. and 106—48-12-30 mm., and weighed 8.0 and 9.1 grams, 
respectively. The female’s vulva was perforate, reddish, and swollen. Her teats were 
dry and her uterus was empty. 

Ursus floridanus Merriam. Black Bear.—About three miles below San Mateo, Putnam 
County, sometime between December 9 and 14, 1946, Roy Trotman killed a medium-sized 
bear. A few hours later, in the same hammock, Perry Hanna and John Collins of San Mateo 
killed a male bear which weighed 522 pounds. At my request, W. M. Dunson called Game 
Warden Emery Ferrell to see if he could obtain the skulls for me. Ferrell obligingly obtained 
both heads, which had been put on cold storage with other pieces, and brought them to me. 
He estimated the smaller bear’s weight at 250 pounds, but did not know its sex. The large 
one had been weighed on cattle scales at the slaughter house where it was butchered. Ferrell 
had seen the place where the bears had been breaking and tearing off branches of oak trees 
to get the acorns. and said that a considerable area looked as though a hurricane had been 
through it 

This larger San Mateo bear is the biggest ever killed in Florida of whose bulk there is an 
accurate record. Cory (1912: 402) said, ‘‘. . although I have never actually weighed a 
Florida bear that tipped the seales at more than 511 pounds (the two largest weighed 489 
and 511 pounds), I have killed larger animals, one of which I estimated to weigh nearly 600 
pounds.’”’ Rand and Host (1942: 4) record that Frank Tauchen of Highlands County, 
Florida, told them of having killed thirty bears between 1935 and 1941 in a forested swamp 
between Hickory Branch and Lake Istokpoga. That the largest of these weighed only 338 
pounds may be an indication that bear hunting was pressed so vigorously in that vicinity 
that males were killed off or driven away before they attained their greatest stature. An 
Idaho black bear skull, measuring 13.25 inches long and 8 inches wide (Jackson, 1939: 252), 
is evidently the largest recorded for North America. Therefore, the San Mateo bear’s 
skull of 13 inches in length and 7.25 inches wide places it among the larger black bear skulls 
recorded for the continent 

Measurements in millimeters of the San Mateo bear skulls are: greatest length, 330.0 and 
282.0; zygomatic breadth, 185.0 and 155.0; interorbital breadth, 79.5 and 64.5; palatal length, 
161.0 and 135.0; maxillary breadth, 76.1 and 72.4; crown length of maxillary tooth row, 115.0 
and 109.0 

Procyon lotor elucus Bangs. Raccoon.—About 5:30 p.m. on March 12, 1947, a raccoon 
was seen running easily along a truck trail through the longleaf pine-turkey oak. Upon 
being chased, the ‘coon apparently increased speed, although it did not break into a gallop 
until its lead was reduced from 120 toabout 40 yards. It treedin a virtually naked turkey oak 
after spurning two excellent longleaf pines. It ascended some twenty feet. This ’coon was 
in oestrus ; her nipples looked recently used, but yielded no milk, and her uterus had three 
placental scars. She measured 751-295-116-55 mm. and weighed 8.75 pounds. A quite 
young raccoon, whose hind foot measured 85 mm., was found dead by the roadside on April 17, 
1947, and numerous tracks of very young baby raccoons were examined in two localities on 
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May 8, 1947. Rand and Host (1942: 5) give two May records of young broods of raccoons for 
Highlands County, Florida. The youngest brood recorded by Harper (1927: 299) for the 
Okefinokee Swamp is for May, but he also mentions a brood examined near Sanford, Florida, 
which were but a few days old on January 25, 1917. A very young highway casualty was 
examined October 5, 1947, just four miles north of Satsuma, Putnam County. Its total 
length was 550 mm., its hind foot, 100mm. These last two records indicate that the breeding 
season of raccoons in Florida is not restricted to April and May as it appears to be in Michigan 
(Steuwer, 1943 : 213). 

Mustela frenata peninsulae (Rhoads). Long-tailed weasel.—Ross Allen of Silver Springs 
generously sent me a preserved specimen of a young male weasel which was taken one mile 
west of Silver Springs, Marion County, Florida, on December 17, 1946. It was brought in 
alive by a hunter who said that it seemed to have been lost from its nest and was following 
him about. After having been preserved in formalin-soaked excelsior for several days, the 
weasel measured 325-95-41-6 mm. and weighed 163.2 grams. Since it was only about one- 
third grown, its date of birth would very likely have been in early November, which would 
make it correspond closely to the few other known breeding records for this subspecies 
(Moore, 1945 : 250). 

Game Warden Emery Ferrell told me of catching two young weasels with their mother at 
his brother’s packing house between Welaka and San Mateo ten or twelve years ago, but he 
could recall nothing of the season. 

Lutra canadensis vaga (Bangs). River otter—On December 30, 1946, Bellamy found 
the freshly skinned carcass of an otter beside the stream which flows through the culvert, 
described above under Pipistrellus, 1.6 miles north of Satsuma. He brought in the head, 
enabling me to preserve the skull. At 11:30 a.m. June 29, 1946, in Beecher Run close to 
where it runs under the Welaka-Georgetown road just south of the Reserve, Bellamy’s 
attention was attracted to a commotion in the pickerel weed. In a moment an otter thrust 
its head out of the water only thirty feet away. It stared unmoving for several seconds, and 
then ducked under and was seen no more. 

Mephitis mephitis elongata (Bangs). Striped skunk.—In summer, the frequency of 
showers kept the sand packed so hard that skunks left no visible tracks, and even during 
the remainder of the year clear skunk tracks were a rarity. At times skunk diggings were 
almost ubiquitous, but even though the diggings were in soft sand, not one in twenty had a 
distinguishable footprint in it or about it, summer or winter. This situation obtained even 
when conditions were excellent for fox, raccoon, and opossum tracks. Only twice during 
this period of field work did sand surface condition become optimum for tracking skunks. 
In March, 1947, strong winds swept the sand by day until its smoothness recorded perfectly 
every footprint of the night, even those of small arthropods. This condition lasted about 
two weeks in March and recurred in May, enabling me to obtain plenty of track records of 
skunks during those brief periods. Skunks were observed a few minutes after dawn on 
March 15and 17, 1946, and twenty-five minutes after nightfall on July 6, 1946. 

McLane and A. C. Chable picked up a young male skunk (highway casualty) on October 
13, 1946, five miles south of Crescent City, Putnam County, on route U.S.17. It measured 
468-203-59-6 mm. and weighed 431.0 grams. Skinning it under water minimized contamina- 
tion with the musk. Bellamy brought me an adult male skunk (highway casualty) Novem- 
ber 11, 1946, from one and one-half miles south of San Mateo, Putnam County, on route U. 8. 
17. This one measured 665-280-72-12 mm. and weighed 6 pounds (after eighteen hours im- 
mersion in ice water). 

Urocyon cinereoargenteus floridanus Rhoads. Gray fox.—A full-grown male (highway 
casualty, hind foot measured 142 mm.) was examined January 1, 1947, on U. S. highway 17 
about two and one-half miles north of Satsuma. Two smaller male foxes, both with scrotal 
testes, were picked up February 17, 1947, beside the road close to Huntington, Putnam 
County. These measured 934-325-128 mm. and 928-310-128 mm., respectively. Appar- 
ently these had been thrown out on the road by a returning hunting party. 

On March 24, 1947, a fox den was found in an ecotone between longleaf pine-turkey oak 
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and scrub. It was about one hundred feet from a pond, and only eighteen feet from a little- 
used truck trail. While the vicinity was brushy, the mouth of the den was not well hidden. 
Myrtle-leaved oak (Quercus myrtifolia), dwarf wax-myrtle (Cerothamnus pumilus), and 
turkey oak saplings (Quercus laevis) stood about it. The entrance measured 30 by 11 inches 
at the surface of the level ground. A foot inside, the tunnel measured 12 inches in vertical 
and horizontal diameters. Two feet farther in it was 11 inches high and 8 inches wide. 
Seven feet from the mouth the tunnel had gradually narrowed to 8 by 8 inches, and here it 
reached the nest chamber whose floor was 44 inches below the surface of the ground. The 
nest chamber was about 12 inches high and 18 or 20 inches in horizontal diameter. It con 

tained nesting material of turkey oak leaves and pinestraw. An old gopher tortoise 
(Gopherus polyphemus) burrow continued on lower beyond the nest chamber, indicating 
that the fox had merely enlarged part of a gopher tortoise burrow for itsown. Cave crickets, 
identified by Irving Cantrall, of the Department of Biology, University of Florida, as Ceu 

thophilus latibuli were numerous in the burrow. A handful of fresh hair froma marsh rabbit 
was picked up near the mouth of the burrow and a small amount of it was in the nest. E. 
Lowe Pierce and I found a similar fox burrow in a live oak hammock about a mile south of the 
Reserve in February, 1940. 

Lynx rufus floridanus (Rafinesque). Bobcat.—J. J. Friauf and I saw a bobcat cross the 
road at the end of a bridge over a small stream on Florida highway 207 about two and one-half 
miles northeast of Hastings, St. Johns County, at 7:10 p. m. on July 5, 1946. It crossed un 
hurriedly and paused at the edge of the forest to look at us a moment before disappearing. 
We were approaching rapidly by car and were within forty yards of it when it disappeared. 
This was thirty or forty minutes before dark. The animal’s pelage seemed quite gray. 
On October 12, 1946, at 6:09 p. m., while driving along the paved road on the Reserve by a 
sawgrass pond which is largely surrounded by bayhead, Bellamy observed a bobcat about to 
cross the road. He remarked on the grayness of its pelage. Fresh, unmistakably clear 
wildcat tracks were found in the firelane beside a large bayhead, March 26, 1947. 

Ross Allen showed me two small nursling wildeats which he had received from Mrs. Homer 
Burdin of Leesburg, Lake County, on October 13, 1947, and one which had come from Brooks- 
ville, Hernando County, on October 10. He told me of another pair which he had had a 
couple of weeks earlier. The appearance and behavior of the above three, when I saw them 
on November 9, was comparable to that of Felis domesticus between one and two months 
old. J. B. Earle told me of seeing a pair of bobcat kittens about September 14, 1947, in 
captivity at Bonita Springs, Lee County, near where they were supposed to have been taken. 
These appear to be the only breeding data for the wildcat in Florida. 

Sciurus carolinensis carolinensis Gmelin. Gray squirrel.—Squirrels of this species 
were routed from outside nests on April 7 and May 14, 1946, and from a woodpecker hole 
den in a dead snag February 1, 1940. All three of these were in xeric hammocks and about 
twenty feet from the ground. The outside nests were of the twig-Spanish-moss type de- 
scribed by Pournelle (MS:31). In the swamp and about its edges the squirrels were feeding 
on cones of slash pines in midsummer. Bellamy observed three cutting slash pine cones on 
July 16, and by August 14, trimmed cones lay in piles at the bases of many of the large pines 
in the swamp. McLane counted over seventy-five cone cores in one such pile. J. I. Moore 
and I observed gray squirrels cutting and eating hickory nuts (Hicoria glabra) in the mesic 
hammock margin of the swamp on August 25 and October 5, 1946. This activity seemed to 
have abated on October 27. An individual was observed eating and carrying a longleaf pine 
cone in xeric hammock October 8, 1946. H.H. Hume has been troubled by gray squirrels, 
about his house in Gainesville, eating the immature ovaries off his deciduous magnolia tree, 
and thus preventing its flowering. From the shelter of venetian blinds he has also observed 
them at a distance of three or four feet busily eating scale insects from the twigs of the same 
tree. 

A female collected June 8, 1946, contained four embryos which weighed 5.5, 5.9, 6.1, and 
7.0 grams, respectively. These were easily distinguished as three males and one female. 
McLane brought in a lactating female found dead in Welaka October 10, 1946. On September 
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26, 1947, Mrs. A. Van Pelt showed me a nestling which could have had its eyes open only a 
few days and which had come from the University campus at Gainesville. She told me also 
of another young nestling which had been found on the campus a week or so before. On 
August 20, 1947, Dennis Miller climbed a tree, in front of his residence in Gainesville, to a 
gray squirrel outside nest from which he removed a brood of five young. The eyes of this 
brood were apparently about to open on September 2, since one individual had one eye open 
at that time. Across the street from this nest Miller noticed another similarly situated 
nest from which he could hear squeaks of young. At still another place close to the Univer- 
sity campus he heard young squeaking in such an outside nest. These observations were all 
in late August or early September. The above breeding records together with some previ- 
ously presented (1946 : 55) suggest that in Florida gray squirrel young may be born in August 
and September as well as February and March, which would correspond to the breeding 
seasons of gray squirrels in Texas (Goodrum, 1937: 501) and Illinois (Brown and Yeager, 
1945:479). The outside nest from which Miller took the above brood of young gray squirrels 
was constructed mostly of Spanish moss and was situated in a three-way fork about thirty- 
five feet high on one side of the crown of the tree. 

On May 22, 1947, a young male 280-gram gray squirrel with scrotal, but very small, testes 
was released 960 yards from where it had been live-trapped the day before. Four days later 
this squirrel was taken again at the same trap site. Virtually all of the intervening territory 
was of a sort not ordinarily inhabited by gray squirrels. In New York, Westfall (MS: 321) 
made six releases of male gray squirrels in February and March, each was one mile from the 
original point of capture, and only in one case was the animal retaken near the point of original 
capture. 

The above mentioned 280-gram gray squirrel was released the second time on the expansive 
lawn by the laboratory and timed by stop-watch as it ran a distance of seventy-seven yards. 
To keep the squirrel running at its best, it was followed at a distance of eight or ten yards. 
It covered the distance in 17.75 seconds, which is 8.8 miles per hour. The squirrel was in 
good condition at this time, having suffered little discomfort in the commodious wooden 
trap. 

Six males with scrotal testes, all taken in October 1946, averaged 226 mm. (213-245) in 
head and body length; 59.8 mm. (58-63) in foot length; and 397.5 grams (384-448) in weight. 
Stripped of the epididymis, the testes of five of these animals and two others taken August 
25, 1946, averaged 23 mm. (20-28) in length, 14 mm. (12-16) in greatest width, and 2.6 grams 
(1.6-4.5) in weight. 

Geomys tuza floridanus (Audubon and Bachman). Florida pocket gopher.—The sight 
of pocket gopher hills was such a rarity all the summer of 1946 that it was suspected that 
some disease had nearly wiped out the population. There was no indication at all of the 
presence of pocket gophers on the extensive lawn where in former years they had been a 
nuisance to mowing, and in the mowed areas about the Fish and Wildlife Service fish ponds 
immediately north of the Reserve there were few if any hills. The frequent rains of summer 
reduce these sand hills rather quickly. On September 17, in two places on the Reserve 
lawn, @ string of hills appeared. About October 14, everywhere in the vicinity, mounds 
began suddenly toappear. No large part of the Reserve lawn was without them, and whole 
acres of the Fish and Wildlife mowed areas looked as if you could not stand a horse anywhere 
without its having at least one foot on a pocket gopher hill. This sudden burst of activity 
on the part of the pocket gophers occurred at the time of the first cool snap of the year. On 
November 4, 1946, the arrangement of the hills on the fourteen-acre Reserve lawn suggested 
the presence of at least six individuals. 

Neofiber alleni nigrescens Howell. Round-tailed muskrat.—Bellamy brought me a 
young male round-tailed muskrat, August 15, 1946, which had been killed by men clearing 
vegetation along Beecher Run just south of the Reserve. It measured 189-73-30-12 mm. 
and weighed 50.2 grams. Harper (1927: 366) records new-born young for January 5, and an 
immature taken June 18, 1917, in the Okefinokee Swamp. Elliot (1901: 46) records two- 
week-old young found on February 22. Since it would be difficult to believe that the Welaka 
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specimen is more than one month old, this is an indication of the existence of a second breed- 
ing season or a considerable extension of the one. 

Rattus rattus rattus (Linnaeus). Black rat.—One mature female was snap-trapped 
under one of the buildings October 14, 1946. It was lactating and contained nine embryos 
measuring 5 mm. in diameter in situ. 

Rattus rattus alexandrinus (Geoffroy). Roof rat.—An 83-gram subadult female with 
perforate vulva was taken at the same trap site as the above black rat, but two days late 
A 58-gram immature male was shot in a woodpile November 21, 1941. Classification as to 
maturity is by comparison to Davis’ (1947 : 243) table. 

Sylvilagus floridanus floridanus (Allen). Cottontail.—Sight records and tracks indi 
cated that the cottontail population in the general vicinity of the Reserve laboratory had 
increased considerably over what it had been in the spring of 1942. At dusk, May 31, 1946, 
a male and a heavily lactating female, consorting on the lawn by the laboratory, were co! 
lected. These weighed 1240 grams and 1107 grams, respectively. In 1947, a 1210-gram 
female, which was both lactating and pregnant, was taken March 6, and a 1299-gram female, 
also lactating and pregnant, was collected April 4. In 1946, a 1107-gram female taken May 31 
and a female taken June 7 were both lactating. The only other female cottontail collected 
was taken on November 24, 1940. Tracks of very young cottontails were observed in the 
dust by the sawmill gate September 11, 1946, and May 18, 1947. 

Odocoileus virginianus virginianus (Boddaert). White-tailed deer.—According to 
W. M. Dunson the deer on the Reserve were brought there (about 1936?) from the vicinities 
of Brooksville, Orlando, and several other places in central Florida. They were kept in 
large game-fenced yards during a period when the area was being developed as a game farm, 
and subsequently were released within the Reserve. Some local people believe that this 
stock is added to by deer swimming across the river from the Ocala National Forest. 

Bellamy observed a doe with two fawns in the flatwoods near Mud Spring on the Reserve, 
June 2, 1946. Tracks of very young fawns were observed in flatwoods firelanes June 5 and 
19, 1946, about one-half and three-fourths mile from Mud Spring. 

In longleaf pine flatwoods about the sawgrass pond, several deer beds in tall grass were 
examined January 28, 1940. This was during quite cool but sunny weather, and it was 
thought that the deer bedded in these situations to warm in the midday sun. A similarly 
situated bed was noted February 3, 1947. Quite differently located were two found June 30, 
1946, in a serub oak thicket which occupied a slight rise in the flatwoods. These two beds 
were found quite by chance as I struggled through the unyielding thicket. They were 
about fifteen feet apart where the thicket reached its maximum of eight feet high. 

Twice in April and on May 7, 9, 11, 14, and 18, 1947, deer were observed after dark just 
across the paved road from the laboratory. The times of the May observations were 8:40, 
10:00, 9:00, 8:30, and 8:30 Pp. M., respectively. Shining a flashlight in the eyes of the deer 
enabled the observer to approach rather closely. Although no attempt was made to watch 
their activities, the deer were evidently feeding, and they may easily have come other 
nights without being observed. On May 28, an examination was made of the area to discover 
what was attracting the deer. It was immediately apparent that they had been feeding 
on the sumac (Rhus copallina) which was abundant there over about one-fourth acre and 
which displayed a distinct browse line throughout. Bracken (Pteris latisculata) occurred 
rather densely throughout most of the sumac area, and it was moderately browsed. Some- 
times only the upper one-third of the frond had been eaten, but equally often the whole 
frond was gone leaving only the naked st .e. Small bluejack oaks (Quercus cinerea) had 
been heavily browsed and shoots had be, n taken in moderation from blackberry bushes 
(Rubus sp.). Even a sand scrub oak (Quercus virginiana geminata) had evidently lost a 
few mouthfuls of leaves where it jutted into one of the deer paths. 

This sparse patch of sumac occupies an area of one-fourth acre which slopes from a long- 
leaf pine-turkey oak community to a pond border community. The plants present are 
listed in the order of their dominance within the three levels. Tree level plants consisted 
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of longleaf pine (Pinus australis), sumac (Rhus copallina), bluejack oak (Quercus cinerea), 
Chapman’s oak (Quercus Chapmant), sand scrub oak (Quercus virginiana geminata), myrtle- 
leaved oak (Quercus myrtifolia), and groundsel tree (Baccharis halimifolia). Shrub 
level plants were bracken (Pterts latisculata), passion flower (Passiflora sp.), black root 
(Pterocaulon undulatum), blackberry bush (Rubus sp.), dog fennel (Eupatorium sp.), 
sensitive briar (Leptoglotlis microphylla), pawpaw (Pityothamnus incana), and a legume 
(Pediomelum canescens). Herb level plants included wiregrass (Aristida stricts), elephant 
foot (Elephantopus elatus), & grass (Panicum sp.), a sedge, another grass (Paspalum sp.), 
queen’s delight (Stillingia spathulata) ,anda stick-tight (Metbomia sp.). 

Careful examination yielded no evidence that any of these plants, other than the five 
discussed, had been eaten. The browse line on the sumac was for the most part four feet 
high, and the highest twig found browsed was at four and one-half feet. The most heavily 
browsed single sumac was one which divided quite low into six branches, all of which as- 
cended to about four feet. Except for two spindly shoots, the deer had stripped this plant 
of all leaves and twig tips. Intensive browsing such as this suggests that the Reserve deer 
may be on the verge of overpopulation. 
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NOTES ON MAMMALS OF THOMAS COUNTY, GEORGIA, WITH TWO 
STATE RECORDS 


By W. B. Quay 


During the last week of December, 1943, Mr. Leigh H. Perkins collected for 
the writer a number of smal! mammals from Spring Hill Plantation, about ten 
miles south-southwest of Thomasville, Thomas County, Georgia, approximately 
seven miles from the Florida boundary. For a two-week period, covering the 
last week of September and the first week of October, 1944, Mr. Perkins and I 
collected in the same area. In such a short length of time, only a superficial 
study of the mammals of the area was possible, but a number of interesting and 
noteworthy things did come to light. Since so little is known about the mammals 
of southwestern Georgia, any information obtained on the mammals of that re- 
gion should be made available. All specimens were deposited in the Cleveland 
Museum of Natural History. 


ACCOUNTS OF SPECIES 

Didelphis virginiana pigra Bangs. Opossum.—The opossum was found to be common, 
but no individuals were collected. However, several were seen in the bags of colored ‘‘pos- 
sum hunters.”’ 

Scalopus aquaticus (Linnaeus). Mole.—-T'wo moles were collected and were found to be 
intermediate between Scalopus a. howelli and Scalopus a. australis 

Cryptotis parva floridana (Merriam). Least shrew.—During the last week of December, 
1943, Mr. Perkins trapped three of these shrews in snap traps set in cotton rat runways in 
an old field. Attempts to trap this shrew during the fall of 1944 were unsuccessful. Ex 
ternal measurements of the three shrews average: total length, 85.6 mm.; tail, 23.0; hind 
foot, 12.0. The “‘pepper and salt’”’ appearance of the dorsal pelage of this shrew in winter 
is very striking in the three individuals which were collected 

Myotis austroriparius austroriparius (Rhoads). Little brown bat.—On September 28, 
1944, at least an hour after dark, a subadult female Myotis was discovered flying around in 
the large feed room of a stable. The bat had flown through an open window into the feed 
room and was unable to find its way out before the window, the bat’s only possible exit, was 
closed. Subsequently the bat was knocked down with a broom and skinned. The skin 
and skull are now number 18257 in the collection of the Cleveland Museum of Natural 
History. 

This bat is hair brown above, the basal portion of the hair black; below, the hair is white 


tipped with the basal two thirds of each hair black; along the sides of the belly, especially 
ventral and posterior to the shoulder, there is a light drab wash; at the bases of the inter 
femoral and wing membranes the hair is entirely white 
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The measurements are: total length, 88 mm.; tail, 37; hind foot, 10; forearm, 37; third 
metacarpal, 34.5; fifth metacarpal, 33.7; ear from crown, 11; greatest length of skull, 14.5; 
condylobasal length of skull, 13.4; interorbital breadth of skull, 3.6; cranial breadth, 7.1; 


occipital depth, 5.2; length of mandible, 10.1 ; length of maxillary tooth row, 5.3; maxillary 
breadth at m’, 5.6; length of mandibular tooth row, 5.6. The cranial measurements given 
here were taken by the same methods as those used by Miller and Allen (U. S. Nat. Mus. 
Bull., 144:3, 1928). 

The identity of this bat is based upon its pronounced sagittal crest, narrow skull, and 
distinctive pelage. The skull is, in all respects noted, typical of Myotis austroriparius, as 
also are the external measurements and the character of the pelage. The color of the fur 
of this bat, above and below, is more closely approached by the species austroriparius than 
by any other species of North American Myotis. None of the peculiar characteristics of 
the Mitchell, Indiana, specimens in the U. S. National Museum are noticeable, nor are there 
any of the diagnostic features of the race gatest, recently described from Louisiana by Lowery 
Oce. Papers, Mus. Zool., La. State Univ., 13: 213-57. 1943.) The coloration of the bat is 
not typical of the race austroriparius, probably because it has not reached full maturity 
with an adult pelage. Although the joints of the fingers meet in knobs, an adult condition. 
the teeth are scarcely worn and the basal suture has not yet closed ; this shows that the bat 
is in many respects immature and that the darker color of the fur 
characteristic. This is the first record, to the writer’s knowle 
bat in Georgia. 


is quite probably a juvenile 
-dge, of the occurrence of this 


Grateful appreciation goes to the U. S. National Museum and to the Museum of Zoology 
at the University of Michigan for the loaning of specimens from Mitchell. Indiana, and In- 
dian Key, Florida, to compare with the bat recorded here. 

Eptesicus fuscus fuscus (Beauvois). 3ig brown bat.—Three big brown bats were col- 
lected ina stable, where they were roosting for the day. 

Spilogale putorius (Linnaeus). Spotted Skunk.—One, that had been killed by a pair of 
hounds, was seen. 

Sciurus niger niger Linnaeus. Fox squirrel.—One. in the gray phase, was collected and 
many others were seen. 

Geomys floridanus floridanus (Audubon and Bachman). Pocket gopher.—This species 
was rather scarce in Spring Hill Plantation and vic nity. Mr. Perkins searched for several 
days before he found about six sand mounds which had recently been pushed up by a working 
pocket gopher in a seldom visited section of the Plantation. On the day following its dis- 
covery, this particular pocket gopher, a young female, was trapped. 


On this same day a 
tenant farmer reported that he had seen several ‘salamander’ 


"mounds in a pine woods where 
some lumbering was being done ; traps were set in this place and an adult female was obtained. 
Both of the animals were caught in dry, sandy, pine woods 

The identification of these pocket gophers is based on their coioration and their definitive 
cranial characteristics. No evidence has been seen to indicate that the species has ever 
been reported from Georgia; therefore, these are probably the first to be recorded from the 
state. 

Peromyscus polionotus polionotus (Wagner Beach mouse 
old field on December 20, 1943. 

Peromyscus gossypinus gossypinus (LeConte). Cotton mouse.—Two males were col- 
lected December 30, 1943, ina swamp forest. 

Peromyscus nuttalli aureolus (Audubon and Bachman). Golden mouse.- 
was trapped in a swamp forest on December 30, 1943. 

Sigmodon hispidus hispidus Say and Ord. Cotton rat.—Five individuals were collected. 

Pitymys (parvulus ?) Howell. Pine mouse.—On September 28, 1944, in a tunnel in the 
sandy clay soil of a fence-row, bordering an old field overgrown by broomsedge, an extremely 
small pine mouse was trapped. The fence-row by which this mouse was caught, was about 
150 feet long and connected two groves of pine trees. The mouse’s tunnel was less than an 
inch in diameter and the animal itself was so smal] that the possibility of its being this species 
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dividuals prior to collecting the six specimens already mentioned. In so far as could be 
determined the cave was occupied by no other species of bat. 

Viverra zibetha ashtoni Swinhoe. Chinese civet.—Although not collected by our field 
party during the short stay in Kweichow, the civet of the genus Viverra was reported as 
fairly abundant by native Chinese farmers, and a steel trap set by the author yielded a toe 
and claw of an animal that was undoubtedly of this genus. A visit to the market and several 
tea shops in the city of Kweiyang revealed a considerable number of dried pelts of this species 
being offered for sale. Many of the tea shop proprietors apparently carry on a side line of 
pelt buying and selling in addition to their refreshment dispensing. When questioned, the 
merchants indicated that their supply of pelts was obtained locally from farmers that lived 
in the hills surrounding Kweiyang 

Manis pentadactyla dalmanni Sundeval. Pangolin.—Pangolins were found to be fairly 
abundant in the vicinity of Kweivang, and are much sought after by the Chinese because of 
their supposedly extraordinary medicinal value. A considerable number of pangolins, or 
parts thereof, are brought into Kweiyang for sale or barter by farmers from surrounding 
areas and command a high price from the local apothecaries. Evidence of pangolins was 
present in the form of fresh diggings, but no live specimens were observed or obtained during 
the short stay in Kweichow. Many dried skins with the scales intact were found in the drug 
shops of this city. From this source, and after a great deal of bargaining, I was able to obtain 
an unusually large skin. The specimen measures 990 mm. in total length with a tail of 400 
mm., and is now in the Los Angeles Museum collection (no. 8227 Most of the specimens 
offered for sale in the shops averaged approximately 600 mm. in total length. 

Lepus europaeus aurigineus Hollister. Field hare.—Hares were reported as present in 
the Kweiyang area, but none was encountered until the last day of our party’s stay 
in Kweichow. On September 4, 1945, our field party had packed up its equipment and pro- 
ceeded to the air field located at Tsingchen, fifteen miles south of Kweiyang, for the purpose 
of returning to Kunming by plane. While waiting at the air field for the plane’s arrival, 
members of the party had occasion to wander about the area, and it was here on the margin 
of the air strip that sign of hares was first noticed. A shotgun was unpacked and a systematic 
beating of the grass and shrubs bordering the field soon resulted in the collection of a hare 
The specimen, an adult female (U.S.N.M. 279313), agrees with the description of the race 
as discussed by Allen (1940) and possesses the following measurements: total length, 470 
mm. ; tail, 94 mm. ; hind foot, 109 mm.;and ear (from notch), 84 mm 

Eothenomys miletus miletus (Thomas).—Although not previously recorded from the 
province of Kweichow, this interesting microtine rodent was known to occur in the eastern 
portion of the adjoining province of Yunnan, where it had been recorded as far east as the 
north-south line formed by the Yangtze Kiang River. It was, therefore, of great interest 
to find the species occurring in the vicinity of Kweiyang. The species was not found to be 
common and only two specimens were obtained during several nights of trapping. On 
August 26, 1945, the night’s trapping produced a specimen so badly eaten by some other 
mammal that only a portion of the skull was salvageable. This skull fragment comprises 
the first record of the species for Kweichow and is now in the collection of the Los Angeles 
Museum (no. 8226). The second specimen, an adult female (U.S.N.M. 279308), was ob- 
tained at the same location on August 28, 1945, and had the following measurements : total 
length, 152 mm.; tail, 49 mm.; hind foot, 17 mm.; and ear, 15 mm. Both specimens were 
trapped on the scrub-covered hillside above our camp. 

Apodemus agrarius chevrieri (Milne-Edwards). Wood mouse.—This mouse was the 
most abundant of all the indigenous forms of mammals trapped in the Kweiyang area. The 
species was found to frequent the scrub-covered hillsides where the vegetation was approxi- 
mately waist high and relatively open. It was not encountered in or about habitations, but 
would frequently occur at the margins of clearings. A total of twenty specimens collected 
showed the dorsal stripe to be present in only seven individuals, the remaining thirteen 
having the rich brown, unicolored back typical of chevrieri of Yunnan and Szechuan. 
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Mus musculus Linnaeus. House mouse.- -During the course of trapping within the city 
of Kweiyang, only four house mice were taken. One specimen was secured from a grassy 
area in @ public park located in the south portion of the city. Three other individuals were 
obtained in one night’s trapping in the halls and wards of a local hospital. No trace of the 
occurrence of the species away from the habitations of man was noted. 

Rattus flavipectus yunnanensis (Anderson). Buff-bellied rat —The buff-bellied rat 
was encountered on but one occasion in Kweichow. An adult female (U.S.N.M. 279240) was 
trapped August 31, 1945, in the room used by the field party for preparing specimens and 
conducting the investigation for typhus vectors, at the headquarters east of the city. The 
species was noticeable by its absence in the catch of rats made in the city, but whether it is 
truly a rarity in Kweiyang is difficult to determine, as the short time allotted for trapping 
in central Kweichow does not afford a true picture of species populations. When compared 
with large series of Rattus f. yunnanensis, obtained by our party in Yunnan and North 
Burma, the Kweiyang specimen appears inseparable both as to color and size. 

Rattus norvegicus socer (Miller). Brown rat.—With the exception of one specimen of 
Rattus flavipectus, already mentioned, this was the onl\ species of rat found by the field 
party in Kweichow Province. Typically an urban species, Rattus n. socer was not encoun 
tered anywhere except in the city proper and here it was found in great abundance. A trap 
line set among the grass and shrubbery of a park in the southern part of town yielded four 
specimens. Six standard rat traps were loaned to the Chinese nurses of a nearby hospital 
in Kweiyang and in one night’s trapping the six traps vielded a total of forty-eight specimens 
of Rattus n. socer from the wards and main hallway of the hospital. These figures give a 
good picture of the rat problem confronting health workers in many Chinese cities. 

Muntiacus reevesi Ogilby. Barking deer o1 muntjak.—Muntjaks were reported as 
being present in the Kweiyang area, but no muntjak sign or individuals were observed by 
us during the course of field work in Kweichow Several hides of the animal were found in 
the tea shops and hide stores of Kweiyang, however, and the stories of all merchants, ques- 
tioned regarding the origin of the skins, were in agreement that they were obtained from 
farmers living in the vicinity of Kweivang. 

The barking deer cannot possibly be very abundant in the areas about Kweiyang, however, 
as the country has been deforested to a point which restricts the presence of game animals 
even of this small size. This, coupled with the fact that the muntjak is pursued relentlessly 
by the Chinese in their quest for food and medicinal material. makes it very unlikely that 


the species could be anything but scarce in the area. 
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GENERAL NOTES 
SEX DETERMINATION OF BEAVER FETUSES 

On May 19, 1947, a pregnant beaver (Castor canadensis) was killed by a car at Basic 
Reservoir, Albany County, New York. She was carrying five fetuses which appeared to 
be about full term. Measurements which suggest this are given in Table 1. The weights 
correspond closely to those given by Bradt (Jour. Mamm., 20: 487, 1939) for beavers at 
birth. 

In attempting to determine the sex of these fetuses, reference was made to Grinnell 
et al. (Fur-bearing mammals of California. Berkeley. Univ. Calif. Press, 2: 676, 684, 1937) 
who state that for the golden beaver (C. ¢. subauralus) the sex may be determined in fetuses 
by an examination of the breast where four white spots, denoting the position of the mam- 
mae, show on females. With the fetuses mentioned above, all showed definite white spots 
on the breast. A dissection to expose the genitalia, however, showed that two of the five 
were males. For sexing fetuses from beaver currently inhabiting New York State, the 
only accurate approach seems to be through an examination of the reproductive organs. 


TABLE 1.—Measurements and weights of unborn beaver 


TAIL DIMENSIONS 


TOTAL LENGTH (FAIRLESS PORTION RIGHT REAR FOOT WRIGHT 
ONLY 

mm. mm mm. gram 

fof 295 60 x 33 60 159 
oe 290 60 x 31 59 115 
¢ 281 58 x 32 61 45] 
g 299 63 x 31 59 450 
9 290 59 x 35 63 479 


Artuur H. Cook anp Epwarp R. Maunron, New York State Conservation Department, 
Bureau of Fish and Wildlife Investigations, Wildlife Research Laboratory, Delmar, New York. 
Received July 15, 1948. 


REPRODUCTION IN THE PINE VOLE, PITYMYS NEMORALIS 


Specimens of Pitymys nemoralis taken in Payne County, Oklahoma, during January 
and February, 1948, indicate that the breeding season of the pine vole extends throughout 
the year. A small colony of these mice was discovered near Stillwater by students who 
were collecting museum specimens. It was in a dense tangle of vines and weeds along the 
railroad about one mile north of town. The first specimens were taken January 6, and 
included a female containing two fetuses, both situated in the left horn of the uterus. These 
measured 18 mm. crown-rump length. In the right horn there was a bloody mass 4 mm. 
long which may have been a third embryo in process of resorption. Further trapping by 
the author resulted in four captures on February 19 and 20. Two of these were adult 
males with descended testes, one a female about three fourths grown, and one pregnant 
female carrying three fetuses 27 mm. crown-rump length. These seemed to be fully formed 
and would probably have been born within a few days. Two of the young were in the left 
and one in the right uterine horn. 

Linsdale (Jour. Mamm., 9: 140-146, 1928) records pregnant females of this species taken 
in winter in Missouri. He lists two instances of two and one instance of three embryos 
from individuals taken February 22, 1924. Nodimensions were given. The following year, 
on April 8, he trapped a female that was suckling three young. 

These records indicate that the breeding season of P. nemoralis includes the period from 
middle or late fall until early spring. If the usual condition among rodents prevails with 
this species, namely that the breeding season includes the warmer part of the year, then 
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the pine vole must be considered as having a continuous breeding season. Summer collect- 
ing should verify this. It should also be noted that the number of embryos may be two 
or three, instead of two as listed by Asdell (Mammalian Reproduction, Comstock, 1944: 
252).—Bryan P. Grass, Oklahoma A. & M. College, Stillwater, Oklahoma. Received April 7, 
1948 


WOODCHUCKS SURVIVE BRUSH FIRE AND REMAIN IN THE AREA 

On April 24 and 26, 1948, while inspecting a burned-over area belonging to the Ohio 
Division of Conservation and Natural Resources for evidence of fire damage to wildlife, I 
made some observations on woodchucks (Marmota monaz), which may be of some interest 
to mammalogists. Approximately 100 acres of the Wildlife Sanctuary, Castalia, Ohio, had 
burned when a fire escaped from a dump on April 17. The area is underlain with marl 
much of which was strip-mined many years ago. This left a series of channels and spoil 
banks of varying depths and heights. The deeper channels contain water, but the ridges 
are well drained. The surface of the unmined sections is level and is covered with a mixed 
growth of aspen (ranging from seedlings to trees 45 feet high), willows, sumach, dogwoods, 
and herbaceous species including asters and poke weed (Phytolacca americana). 

In covering approximately fifteen acres of the burned area on foot, I recorded sixty-three 
woodchuck burrows. Most of these were in the spoil banks which ranged from about two 
feet to fifteen feet in height and from about eight feet to fifteen feet in width at the base. It 
was not always possible by casual observation to differentiate between burrows because of 
the proximity of holes. Where the burrows were more widely separated they usually had 
two to three openings. Some of the holes were probably missed altogether because of the 
ashes, charred sticks, and stems which covered the ground to a depth of about three inches. 

3ecause some of the burrows had been cleaned out since the fire, and some had not, the 
author concluded that -he existing conditions would offer an excellent opportunity to 
determine what percentage of the burrows were in use by woodchucks or other mammals 
during the spring seasun. 

The fire had been hot enough to burn practically all of the herbaceous cover and some 
of the smaller shrubs. Dogwoods and willows an inch in diamete> had been scorched and 
blackened, but were still standing and, at a later date (May 14), many of them were ob 
served to be in leaf. No green grass or shoots were visible a week after the fire except in 
shallow water in some of the channels left by mining operations. 

Hot as the fire was, however, the woodchucks were apparently able to survive by re- 
maining in their burrows. It was noted that twenty-one (one-third) of the sixty-three 
burrows had been cleaned out since the fire. It is probable that cottontail rabbits and 
other animals made use of the holes also as only one rabbit carcass, possibly resulting 
from the fire, was seen in a larger burned area which Drs. ©. D. Martin and Floyd Chapman 
and Messers Burt Karbler and Clifford R. Morrow of the Ohio Division of Conservation, 
helped to survey. 

In the midst of the burned area no source of food remained for the woodchucks, but one- 
third of the dens were still being used. The woodchucks, obviously, were traveling, some- 
times a distance of seventy-five yards, through the blanket of ashes to the unburned brush 
and fields surrounding the area to obtain food. No dead animals were noted in the cleanings 
taken from the woodchuck burrows, but since none of the unused burrows were dug out 
by the investigator it cannot be definitely stated that there was no mortality in them 
as a result of the fire—Danre. L. Leepy, Ohio Cooperative Wildlife Research Unit, Ohio 
State University, Columbus 10, Ohio. Received June 7, 1948. 


MEADOW VOLE USES SAME NEST FOR TWO LITTERS 


A meadow vole (Microtus p. pennsylvanicus) nest containing five naked young was dis 
covered May 25 at the Game Farm of the Ohio Division of Conservation and Natural Re- 
sources six miles north of Urbana, Champaign County, Ohio. The nest was opened from 
the top and some of the surrounding vegetation removed for the purpose of making motion 
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pictures. Because of the press of other work, however, we were unable to make films 
though we did observe the female vole enter her nest several times about midday 

We revisited this area on June 15 and inspected this same nest. To our astonishment 
it contained a second litter of five young meadow voles. They were each about one inch 
in total length. The female was in attendance at the time. When the top was lifted 
from the nest she scurried out of the nest and hid just a few inches away under a bit of 
vegetation. When the top was replaced the vole returned to the nest.—Wooprow Goov 
PASTER AND Kart Mastowskr, Museum of Natural History, Cincinnati, Ohio Received 
July 27, 1948 

JUMPING MOUSE, UNDERWATER SWIMMER 

On the evening of May 17, 1947, at Pine Island on the Ipswich River, Topsfield, Massa 
chusetts, a canoe party of the Essex County Ornithological Club, which I was privileged 
to accompany as the guest of Dr. Stuart K. Harris, was encamped in white pine woods. In 
undergrowth at the edge of the very quiet, sluggish river I found and attempted to corner 
a jumping mouse. Cut off from land retreat by members of the party, the mouse took to 
the water with little hesitation and swam downstream parallel to the bank for eight o1 
ten feet, swimming a few inches below the surface with ease, skill, and fair speed, using 
the hind feet for propulsion. Taking to land once more, it attempted to escape through 
alder thickets, but was again surrounded by members of the party. The jumping mous« 
immediately returned to the river and escaped by swimming underwater still further down 
stream, repeating this maneuver until its pursuers lost sight of it in the thick shrubby 
growth. It should be noted that it made no attempt to swim across the river, which is 
about fifty feet. wide at this point, in order to escape. It was impossible to determine with 
certainty whether the mouse was Zapus hudsonius or Napaeozapus insignis; I am inclined, 
however, to the latter 

Stone and Cram (American Animals, 1903: 103) observed the strong swimming ability 
of Zapus hudsonius. Hamilton (Amer. Midland Naturalist, 16: 187-200, 1935) states that 
both species of jumping mice are strong swimmers and describes the posture of the bod) 
in swimming, observing also that the fore feet are not used, whereas the hind limbs are of 
primary importance. Neither of these authors mentions complete submergence, nor do 
various others who state that jumping mice can swim. Sheldon (Jour. Mamm., 19: 324-32, 
1938) refers to the observations of Philip Allan, who reported that ‘‘in northern Minnesota 
he saw many Zapus h. hudsonius rapidly swimming 3 or 4 inches under water in crossing 
a deep ditch 3 or 4 feet wide. They swam upstream using only the hind legs.’ This 
record is apparently the only definite previous one of underwater swimming by jumping 
mice, although Sheldon (op. cit.) thinks, but is not certain, that she saw a Zapus hudsonius 
enter a place where a brook ran underground for a few feet.—Ratru B. Prinpvy, Boston 
Boston, Massachusetts. Received July 10, 1948 


University, 675 Commonwealth Avenue 


HIBERNATING JUMPING MICE IN WOODCHUCK DENS 


During January, 1948, a number of dens of the woodchuck, Marmota monax monaz, were 
excavated at the Patuxent Research Refuge, Laurel, Maryland. The first den to be opened 
was located in the side of a terrace, next to a fallow field. Four feet from the entrance 
of the burrow and about forty inches below the surface of the ground an old woodchuck 
nest chamber containing a large mass of dry leaves was found. Curled up in the middle 
of the leaf nest was a female jumping mouse, Zapus hudsonius americanus. The animal was 
in deep hibernation and showed no outward signs of life. When put in a warm place, the 
mouse regained consciousness and in about twenty-five minutes was fully awake 

Another den was opened near the edge of a woods bordered by a hay field. No animals 


were found in the main tunnels, but further excavation was carried on in an effort to find 
an occupied nest. A blind chamber, twelve inches from one of the main burrows, contained 
dead leaves. A female jumping mouse was in the center of the leaf nest. There was no 
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apparent connection between the chamber and the main burrow. The animal was twenty- 
six inches below the surface of the ground and five feet from the den entrance. 
Both of the mice described above were well insulated from the cold by ample lay 
dead leaves. Each animal was tightly curled up with its nose between its front feet. 
Apparently the jumping mouse finds the woodchuck burrow a convenient and easily 
available place to hole up for its winter sleep. Itis interesting to note that one of the mice 


ers of 


was located in an old woodchuck nest open to the main burrow, while the other animal was 


found in a blind chamber.—Roy A. Grizze.., Jr., Patuxent Research Refuge, Laurel, Mary- 
land. Received July 17, 1948 


MOUNTAIN COYOTES KILL YEARLING BLACK BEAR IN SEQUOIA 
NATIONAL PARK 


On May 20, 1948, a large mountain coyote (Canis latrans lestes) was observed 100 feet 
behind the Giant Forest ranger residence. Upon the arrival of two park rangers, the 
animal moved away, running rapidly, from a careass on the ground. The remnants of a 
yearling black bear were found, with the head untouched and connected to the four legs 
and paws only by a narrow strip of hide down the back ‘here was one inch of fresh snow 
on the ground and the whole sequence of events could be followed closely. 

The bear, of undetermined sex, had evidently been pulled from the side of a twenty-inch 
white fir by two mountain coyotes. There were no bear tracks leading to the fir which 
had been chosen as a refuge. The fresh snow had been scuffed up considerably by the three 
animals in the struggle resulting when the coyotes seized the descending bear. An area 
approximately twenty-five feet across had been disturbed and was bloodstained. The bear, 
after being killed, was dragged about forty feet from the place of death in the process of 
being consumed by the predators. A considerable portion of small intestine was strung 
out from the body. The entire carcass was gone the following day.—Ricuarp H. Borer, 
National Park Service, Sequoia National Park, California. Received July 28, 1948 

OCCURRENCE OF A BOTFLY LARVA IN WHITE-TAILED DEER 

Cuterebrid larvae are common in cottontail rabbits in New York, but only one occurrence 
of a cuterebrid has been found in white-tailed deer (Odocoileus virginianus). 

On the afternoon of August 9, 1944, while measuring and weighing a six week-old male 
deer, a botfly lesion was noted on the mid-v entral line of the neck just above the anterior 
end of the sternum. One larva was removed from the cavity. It was dark brown with 
hardened spines and in comparison with the larvae found in cottontail rabbits appeared to 
be almost ready foremergence. The larva was identified at Cornell University by Professor 
Robert Matheson as belonging to the genus Cuterebra but the species was not ascertained. 
born in the vicinity of Ithaca, Tompkins 
» 1944. On July 19 it was caught and held in a barn until 
it was shipped to the Wildlife Research Laboratory, Delmar, on August 5.—C. W. SEVERING- 
HAUS, Wildlife Research Laboratory, Delmar, New York. Received July 26, 1948. 


The fawn from which the larva was taken was 
County, New York, about June 2 


THE WILLINGNESS OF NURSING DEER TO ADOPT STRANGE FAWNS 


Will a nursing deer adopt a strange fawn? Observations on the reactions of fawns and 
nursing females (Odocoileus virginianus) have been noted on four occasions when wet does 
were given a chance to adopt fawns. The observations were made at the deer breeding pens 
at the Wildlife Research Laboratory, Delmar, New York 

The first two attempts were failures. In one of these, a doe had been nursing her fawn 
‘or about a month when the fawn was killed by dogs. Several month-old fawns which were 
captured from the wild were being bottle fed in an adjoining pen. One of these was placed 
in the pen with the wet doe. The fawn adjusted itself to the new pen in about an hour and 
then tried to associate with the doe. All went well until the strange fawn tried to suckle. 
When this advance was made the doe stepped aside. The fawn repeated its advances over 


4 
= 
r 
4 
) 


7 


6 JOURNAL OF MAMMALOGY Vol. 30, No. 1 


and over again and the doe became more and more irritated. She finally resorted to kicking 
and punching the fawn with her back and front feet. The doe would not allow the strange 
fawn to suckle, and although given chances to adopt other fawns of both sexes she was not 
sympathetic and drove each fawn away when it attempted to suckle. 

The second failure occurred under somewhat different circumstances. Two does, one 
with twin fawns and the other with a single fawn, were in the same pen. These fawns were 
about three weeks old when dogs caused the death of one of the twins and the mother of the 
single. The motherless fawn was left in the pen for three days. The doe licked and nuzzled 
the motherless fawn when it lay quietly in the grass. On the other hand it kicked and 
punched it when it tried to suckle. It was finally removed and raised on a bottle. The 
sex of the motherless fawn was not noted. 

The first successful adoption was a surprise in view of the above preceding experiences 
A doe and her twin fawns were in pen eight next to a doe and her single fawn in pen seven. 
Again dogs caused a serious disturbance among the deer, killing one twin and causing its 
mother to jump a seven-foot fence into pen seven. Meanwhile the original doe in pen 
seven was injured severely and died of internal hemorrhages. The change of pens for the 
living doe was not realized until late in the afternoon. By that time the remaining twin 
fawn in pen eight was moving up and down the fence separating the two pens. Its mother, 
in pen seven, was following the movements of her fawn. When this was noticed all three 
deer were placed in pen eight. The doe adopted the motherless fawn from pen seven with 
out the slightest observed hesitation and raised it successfully. At the time of adoption 
the doe’s own fawn was about five weeks old and the adopted fawn was about three weeks 
old. The sex of the dead twin and the adopted fawn was not recorded. 

The second successful attempt at adoption started with grave misgivings. While a doe 
and her three week-old twin fawns were being transferred to another pen, one of her male 
fawns broke its leg in a fence. This male was destroyed and another male of about the 
same age and size, previously bottle fed, was immediately turned into the pen. The doe did 
not adopt the strange fawn at once, but she never kicked or punched it with her feet. Dur 
ing the first six hours they were together the fawn made no attempt to suckle. The doe 
looked the fawn over, sniffed it from head to tail, and then left it alone. This procedure 
was witnessed more than once. On the second day, the fawn suckled for a few minutes in 
the morning and then the doe moved away. This was again observed in the afternoon 
The third day adoption seemed to be an accomplished fact, and the doe and strange fawn 
were getting along very well. During the next three weeks the adopted fawn did not grow 
as fast as the male born to the doe. By fall the growth difference that was once apparent 
had disappeared completely and both fawns were practically the same size and weight 

What factors stimulate adoption in some cases and discourage it in others are unknown 
Sex may be of some importance in the willingness to adopt although in the first case where 
fawns of both sexes wer’ offered for adoption they were refused. In the second successful 
adoption the sex of the aead fawn and adopted fawn was the same. A slight age difference 
did not prevent adoption. On the other hand, personality factors of doe and fawn may be 
very important. Whether adoption occurs in the wild is not known to the author. The 
interesting fact was that it did occur in two of four attempts made under pen conditions. 
C. W. Severrncnavs, Wildlife Research Center, Delmar, New York. Received August 13, 


EXTERNAL MEASUREMENTS OF THE MULE DEER, ODOCOILEUS H 
CROOK! 


Perusal of the literature has indicated a dearth of published records of the external 
measurements for the gray mule deer (O. h. crooki) in south-central New Mexico. During 
the period April 27, 1943, to March 30, 1944, in connection with a study of the relationship of 
deer to bighorns (0. c. mexicana), a series of deer was collected and measured from the San 
Andres Mountains, Dona Ana County, New Mexico. It would appear to be of value, there 
fore, to place these figures on record. All measurements were taken by the authors in 
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inches with a steel tape before skinning. he weights were secured with the aid of a stand- 
ard commercial portable spring scale. In the weight column of Table 1, ‘“T’’ indicates total 
weight; “HD” hog-dressed weight. Under the ‘‘Notes’”’ column, ‘“‘W”’ signifies that the 
specimen is in the Biological Surveys Collection, National Museum, Washington, D. C.; 
“C” signifies that the specimen was placed in the Texas Cooperative Collection, College 
Station, Texas.—Artuur F. HaLuoran anv Ceci. A. Kennepy, U.S. Fish and Wildlife 
Service, Yuma, Arizona, and Las Cruces, New Mexico. Received May 7, 1948. 


TABLE 1.—Measurements and weights of deer 


DATE trorar “ENSTE | EAR META- 
pounds 

4-27-43 | F 53 6 16 8 31 71 (T) Shedding pelage. W 

5-21-43 | M 65 7 18 8 383 | 137 (T) 4} Antlers in velvet, 4 in. 
long. C 

6-25-43 M. 66 7 174 8} 36 129 (T) $3 Antlers in velvet, 6 in. 
long. W 

7-21-43 | F 52 b 16 7 31 62 (T) 33 Yearling. 

82643 F 61 6 173 7} 71 (HD) 4 

9-22443 F 61 74 17 8 —_— 4 Estimated total weight 
105 pounds. 

10-27-43 | M 584 7 17 7i 100 (T) 34 2 points on each antler. 
No velvet. 

12-1443 M 664 74 19 83 364 | 225 (T) { 4 points on each ant- 
ler. W 

12-14-43 | F 53} 6 163 74 31 73 (T) $3 

1-24-44  M 49 6 17 74 334 - 4 Spike buck. W 

2944 | F 61 6 174 | 73 44 Shedding pelage. W 

3-30-44 M 6! 7 173 | 8} 36 =: 128 (HD) 3 points on each ant 


ler. 243 in. outside 
spread. 


PHYTOBEZOARS (FOOD BALLS) IN PEROMYSCUS 


Trichobezoars, or hair balls, are known in a number of animals, but a brief examination 
of the literature has revealed no references to phytobezoars (food balls) in rodents. It 
should be of interest, therefore, to record their occurrence in a laboratory-bred female 
Peromyscus gossypinus of a stock originally from Gainesville, Florida. The study was made 
in the Laboratory of Vertebrate Biology, University of Michigan. 

Attention was called to the mouse by its distended abdomen. Examination revealed 
that the stomach was almost completely filled with three phytobezoars. One of these was 
pale gray in color, felty in texture, and almost spherical in shape, with largest dimensions 
of 18 and 20 millimeters. In a wet condition this bezoar displaced 4.5 cubic centimeters 
of water. Another phytobezoar was oval in shape, measuring 25 millimeters by 14 milli- 
meters. This one presented a smooth, hard, black surface and had a volume of 3 cubic centi- 
meters. The third phytobezoar was gray and felty, and roughly bilobed in shape. It was 
torn apart before measurement, but its volume approximated 7.5 cubie centimeters. A 
cross section of the spherical bezoar showed a dark lamination about two millimeters from 
its surface. Otherwise each bezoar had grossly about the same texture and color through- 
out its structure. No evidence of central foreign bodies was found in any of them. 

Under high power of the microscope it could be seen that the phytobezoars were composed 
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mostly of vegetable fibers and fragments, with only an occasional hair shaft. Many of the 
fragments appeared to be similar, microscopically, to bits of peat moss. Peat moss was 
present in the mouse cage, but it is not certain that these fragments actually were derived 
from the peat. Plant materials could also have been secured from the mouse food or from 
the cotton used for nesting material. 

Distension of the abdomen of this mouse was noted first on August 25, 1947. The mouse 
was kept in a separate cage from that date until its death at an age of about 4} years on 
February 5 or 6, 1948. It showed no evident emaciation and it appeared to be in good 
health. No other phytobezoars have been noted in the mice at this laboratory, but very 
few apparently normal animals have been examined internally.—Van T. Harris, Labora 
tory of Vertebrate Biology, University of Michigan, Ann Arbor. Michigan. Received May 17, 
1948 


FOX FOODS ON WEST VIRGINIA WILD TURKEY RANGE 


Food habit studies are an aid in determining the relationship between a predator and a 
game species. An effort was made to study this relationship between the eastern wild 
turkey (Meleagris gallopavo silvestris Vieillot) and the red fox (Vulpes fulva) and gray fox 
(Urocyon cinereoargenteus). At the time of this study, the fox population was considered 
high on the turkey range. Both species of foxes were common on the wild turkey range, but 
the red fox was more abundant than the gray. The wild turkey population was fair with a 
reported kill of 559 birds for the 1946 hunting season. The average reported kill for the 
past seven years has been 467. R. W. Bailey, J. S. Lindzey, Henry Perkins, and H. § 
Rhodes assisted in collecting the fecal passages. This study was carried on in conjunction 
with West Virginia Pittman-Robertson project 12-R. 

Two types of vegetative cover were found in the turkey habitat, namely: oak-hickory 
pine forest and beech-birch-maple-hemlock forest. The oak-hickory-pine forest occurs 
on shallow soils, in areas of reduced rainfall, and at elevations up to 2500 feet. The beech 
birch-maple-hemlock forest occurs in tne higher mountain regions where the annual rain 
fall is greater. Both species of foxes occur in about equal numbers in the oak habitat, but 
the red outnumbers the gray about three to one in the beech woods 


In all, 473 fox seats were collected from the following eight counties in the better wild 


turkey range of West Virginia: Greenbrier. 13; Hampshire, 89; Hardy, 10; Pendleton, 4: 
Pocahontas, 261; Randolph, 88; and Tucker, 8. The material examined in this study repre 
sented all of the months in the 1946 fiseal year except May. Most of the scats were collected 
during the winter months along forest roads. 


edges of fields 


trails, old railroad grades. and around the 


tach fecal passage collected was placed in a 5x7 inch envelope and labeled as to identity, 
location, anddate. The material was dried thoroughly and stored in insect proof containers 
until analyzed. In the laboratory the seats were carefully broken apart and separated into 
Each of the items was measured in a graduate cylinder under 
equal pressure to give comparative volume. Feathers and hair for identification were 
mounted on slides and examined under a microscope. Identity of an unknown was deter 


the various constituents 


mined by comparing it with known items in a collection. Each food item, its fre juency of 

occurrence, average volume, total volume, and per cent of total volume was recorded 
Fifty-seven food items occurred 824 times in the 473 fox scats. The ten major food items 

in order of importance by per cent volume were: deer mouse (P: 


romyscus sp.), 16.8 per cent; 
meadow vole (Microtus sp.), 14.8 per cent; 


cottontail (Sylvilagus sp.), 10.5 per cent: gray 
squirrel (Sciurus carolinensis), 7.4 per cent; white-tailed deer (Odocoileus virginianus) 
6.5 per cent; wild cherry (Prunus sp.), 6.0 per cent; woodchuck (Marmota monaz), 4.2 per 
cent; apple (Malus sp.), 3.5 per cent; beechnuts (Fagus grandifolia), 2.7 per cent; and wild 
grape (Vitis sp.), 2.4 per cent. Mammal remains were found in 74 per cent of the total 
volume. Plant material was rather important, forming 19 per cent of the total volume 
Beechnuts and the fruits of blackberry, hawthorn, elderberry, wild grape, huckleberry, and 
persimmon were common food items identified from fall seats. Birds were taken 58 times, 
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but formed a low volume (4 per cent). Insects (3 per cent) were frequently identified in the 
fecal residues, but usually occurred as traces. 

One hundred and sixteen scats were collected from the oak-hickory-pine forest and 357 
from the beech-birch-maple-hemlock forest. More scats were collected from the higher 
elevation range because the greater part of the wild turkey population resided in thi 
type. The eight most important food items of foxes on the 
cent of volume, were cottontail (18 per cent 


8 forest 
oak-hickory-pine forest, by per 
, meadow vole (16 per cent), apple (11 per cent), 
deer mouse (9 per cent), wild grape (8 per cent), gray squirrel (6 per cent), white-tailed deer 
(6 per cent), and opossum (5 per cent). From the beech-birech-maple-hemlock forest the 
following were the major food items identified: deer mouse (19 per cent), meadow vole (14 
per cent), wild cherry (7 per cent), cottontail (7 per cent), gray squirrel (7 per cent), white- 
tailed deer (6 per cent), woodchuck (5 per cent), and beechnuts (3 per cent). 

In this analysis, wild turkey remains were identified from nine fecal samples collected 
during the months of January and March. Some of the seats containing turkey were col- 
lected from a red fox that had killed a young gobbler. Ruffed grouse (Bonasa umbellus ) 
was identified in five seats collected when deep snow covered the ground. 

Field observations indicated that mice were abundant and correspondingly formed a 
major portion of the fox diet throughout the entire year. With the onset of the hunting 
season, the percentage of gray squirrel taken as food increased. 


It was even more pro- 
nounced in the relative amount of 


f cottontail utilized as food even though cottontails were 
scarce over most of the turkey range. White-tailed deer was identified from forty scats 
collected in eight different months, but mainly during the winter. The deer season opened 
the first part of December and the influence was readily reflected in the increased take of 
deer during that month, indicating that carrion formed a large part of the fall food 
coon remains were found most commonly during the 


tac 
hunting and trapping season. After 
the hunting seasons the small mammals evidently were easier to feed upon for more mice 
were found in the late winter and spring scats.—Frep A. Giover, Jowa State College, Ames, 
Towa. Received June 12, 1948. 


USE OF CACTUS AS PROTECTION BY HOODED SKUNK 


It is known that the desert white-throated wood rat, Neotoma a. albigula, uses joints of 


the jumping cholla, Opuntia fulgida, to protect its “house,” that it can climb the cholla with 


impunity, and can even carry the prickly joints in its mouth (Vorhies and Taylor, Univ 

Ariz. Tech. Bull., 86, 1940; Hill. Jour. Mamm., 23: 213-214, 1942: Carr, Nat. Hist., 57: 28-33, 7 

1948 However, the actual sight of a desert carnivore using this extremely spiny cactus wa 

to escape from pursuers is, we believe, unique. e 
The incident occurred January 11, 1948, about mid-afternoon. approximately fifteen miles : 

west of Tucson, Pima County, Arizona, in badly overgrazed, semi-arboreal Sonoran desert. £ 


The day was sunny and the ground temperature was approximately 90°F. 

When a large hooded skunk Mephitis macroura milleri) ran across the road in front of the 
car we noted briefly how little white it showed, and. wanting to observe the animal closer. 
gave chase. A quarter-mile run tired both observers and skunk, and the latter took refuge 
under a jumping cholla where a wood rat had its nest. The skunk picked its way warily, 
but seemingly surely, between the dried cholla sections piled upon the ground until it was 
in the middle of the nest 

As we approached closer, the skunk put its nose to the ground and pushed down through 
the heaped cholla into one of the burrows below. Inspection immediately as it disappeared 
showed that, even after the skunk had passed through the spiny ground-litter, a child’s 
hand could not safely have been inserted into the hole. 

As the skunk went underground on one side of the cactus, a white-throated wood rat 
came hurriedly up on the other, sprang swiftly into the cactus branches of the living tree, 
and sat there quietly watching us, not over fifteen feet away, for about three minutes. 
Although we remained motionless, and the skunk was still underground, the wood rat 
suddenly leaped down and disappeared into one of the numerous entrances to its nest. 
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It seems incredible to one acquainted by painful personal experience with cholla that 
any mammal with an exposed snot could contact this cactus safely, but the wood rats do so 
continuously, and this particular skunk showed no hesitancy about penetrating through a 
ground cover of the dried branches. 

This incident would indicate that wood rats, even though covering their nests with 
cholla segments, are not immune to predatory skunks.—Cuarues A. Reep anp WILLIAM 
H. Carr, Department of Zoology, University of Arizona, and Arizona Wildlife Federation, 
Tucson. Received April 12, 1948. 


A SECOND PENNSYLVANIA SPECIMEN OF LASIURUS SEMINOLUS 
(RHOADS) 


On October 20, 1945, Mr. Samuel Wishnieski found a dead specimen of Lasiurus seminolus 
along the shore of the Susquehanna River near the mouth of Fishing Creek, Lancaster 
County, Pennsylvania. As he was on a fishing trip, he was unable to prepare a skin until 
after his return home, by which time the specimen had slipped about the abdomen, and could 
not be sexed. Otherwise, he made a fairly satisfactory skin which established the identity 
of the animal. It is a rather interesting coincidence that this, the second specimen for 
Pennsylvania, and, so far as I know, the second record north of South Carolina, and the 
first specimen were taken by the same person. Mr. Wishnieski shot the first specimen while 
collecting bats at Hopewell, Berks County, for the Reading Museum, September 12, 1931, 
as recorded in this Journal, vol. 13:162.—E. L. Poote, Reading Public Museum, and Art 
Gallery. Received July 25, 1948. 


THE ISTHMIAN CAPYBARA IN THE TOCUMEN SAVANNAS, PANAMA 


The distribution of the Isthmian Capybara, Hydrochoerus isthmius Goldman, in the 
Panama region has been a matter of special interest to the staff of the Gorgas Memorial 
Laboratory for a number of years due to the extreme susceptibility of this large rodent to 
equine trypanosomiasis (Clark, H. C., and Dunn, L. H., Amer. Jour. Trop. Med., 13, no. 3: 
273-281, 1933). Until the recent report from the Chagres River in the Canal Zone (Trapido, 
H., Jour. Mamm., 28: 408-9, 1947) this species was known only from the drainage of the 
Tuyra River in Darien, in extreme eastern Panama. 

It has recently been possible to establish that the capybara is actually quite common in 
the Pacific coastal swamps into which the Tocumen, Cabuya, and the Cabra rivers empty, 
about fifteen miles east of Panama City. W 


hile the species is abundant there its dis 
tribution is apparently somewhat restricted, as it has never been reported from the coastal 
marshes farther east another fifteen miles where the members of the La Juagua Hunt Club 
have hunted for a number of years. 

On April 14, 1948, while walking along a game trail in the swamp south of the eastern end 
of the new Tocumen international airport, with Sr. Pedro Galindo, our attention was drawn 
by a heavy rustle in the tall grass. At this time of year, the end of the dry season, the water 
in the area is reduced to a number of deep pools in which we were observing a concentration 
of caimans. What we at first supposed to be a caiman cut off from the water, rushed through 
the grass and dashed up the game trail on which we stood, brushed against Sr. Galindo, 
knocked him to one side, and passed some four feet in front of me. The animal was plainly 
a capybara. A survey of the area then disclosed numerous droppings. A little later we 
encountered a group of natives hunting caiman and described the animal to them. They 
promptly recognized it as a “poncho,” the common name which is also applied to Hydro 
choerus in Darien. These men who hunt this savannah regularly informed us that the 
was a common inhabitant of the area and had been there as long as they could 
remember. It seems unlikely, therefore, that the capybara there is a recent introduction, 


” 


} 
poncho 


but rather that the opening of the area with the new roads to the airport has brought them 
to our attention.—iiaro_tp Trapipo, Gorgas Memorial Laboratory, Panama, Republica de 
Panama. Received June 28, 1948 
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NOTES FROM SOUTHEASTERN ALASKA 


While in the vicinity of Wrangell, Alaska, in 1946, I spent most of my time studying birds. 
A few incidental mammal observations seem to be worthy of note. 

The wolverine (Gulo luscus) has not been formally recorded from any of the islands of 
the Alexander Archipelago, Southeastern Alaska (Swarth, Proc. Calif. Acad. Sci., 23, no. 3: 
59-78, 1936). However, according to Wrangell residents, it is common on Wrangell Island. 
On May 4 I saw a wolverine, at a range of 30 yards, eating a duck on the beach at Polk Point, 
Wrangell Island. When I approached closer, he picked up his prey and bounded off into 
the timber. Feathers remaining indicated that his prey was a Baldpate (Mareca ameri- 
cana 

On July 10 I saw, at close range, an adult porcupine (Hrethizon dorsatum) followed closely 
by two one-third grown young on the road at Shoemaker Bay, Wrangell Island. There 
seem to be very few previous records of more than one young in this species. Porcupines 
were much less common on Wrangell Island than on the adjacent mainland. On June 19 
[ witnessed a conflict between two adult male porcupines, near the mouth of Thunder 
Creek, Le Conte Bay, on the mainland northeast of Wrangell. The larger, darker animal 
was near the base of a slender, horizontal limb of a 30-foot Alpine Hemlock, at a point about 
fifteen feet from the ground. He bared his teeth, waved his head from side to side, and 
occasionally moved his feet slightly to advance a fraction of an inch farther out on the 
branch. Several times he bit off a twig from the branch and tossed it aside. But he made 
no sound audible to me. I was attracted to the scene by loud wails, reminiscent of those of 
a wounded dog, uttered one after another by the smaller, yellower porcupine. Facing his 
adversary, he was backed out on the branch some four feet from the trunk. The branch 
was bending perilously under his weight. As the larger porcupine advanced, or threatened 
to, the smaller one wailed with bared teeth and attempted to retreat. Each time he felt 
gingerly down and back with first one hind foot, then the other, and then went back to his 
former position as the branch bent still more. But never once did either of the animals 
touch the other. After about ten minutes I ended the farce by shooting both animals, 
which were prepared as specimens and are now in the California Academy of Sciences col- 
lection. —J. Dan Wesster,. Jamestown College, Jamestown, North Dakota. Received April 
28, 1948. 


COLOR NOMENCLATURE 


it is with a slight tinge of sadness that I notice the first discard of Robert Ridgway’s 
“Color Standards and Color Nomenclature” (‘‘An Undescribed Cotton Rat From New 
Mexico” by Marshail C. Gardner, Jour. Mamm., 29: 65, 1948). The author says of Ridg- 
way’s book: ‘‘many of its colors in the old plates have become worn and alteredin tone. In 
addition it has long been out of print and probably will not be reprinted.” 

I shall never forget the day when in the medical library of the University of Chicago I 
happened to take down a volume of “North American Land Birds” by Baird, Brewer, and 
Ridgway, for it was my initiation into the delightful field of ornithology, and Mr. Ridgway 
became my friend and correspondent. 

tealizing that the colors of Mr. Ridgway’s book included some of unstable nature, such 
as “‘carmine and other cochineal lakes, colors of vegetable origin (as gamboge, violet car 
mine, indigo, ete.), and most of the aniline or coal tar dyes,’’I have for many years given the 
book scrupulous attention, even inclosing it in a cotton bag when I took it afield and be- 
grudging its every exposure to sunshine lest its historic color cards fade. Aye, even more, 
I have so placed the precious volume in my library that its companion books did not press it 
too closely, for I could see such colors as ‘‘motmot green,”’ ‘‘violet purple, ‘spectrum vio- 
let,”’ and “‘anthracene purple”’ wasting themselves away on the desert of tissue paper inter- 
leaves. 


I saw the book rise into the permanent literature of ornithology and mammalogy, but 
not so much into botany and other allied sciences. Despite the fact that my volume of 


toe 
: 
> 
l 
| 1 
r 
t 
e 
8 
al 7 
ib 
id 
er 
zh 
0, 
ly 
ve 
ey 
‘0 
he 
ld ; 
yn, 
2m 


82 JOURNAL OF MAMMALOGY Vol. 30, No. 1 


Ridgway is nearly as good as new, I have sensed not only its unavailability, but also the 
approach of the word ‘‘Finis’’ to its general usefulness. I doubt that it could be exactly 
duplicated, for if I recall correctly the cards were clipped from master sheets individually 
colored and estimated. I agree that all scientists should have access to a common nomen 
clature of colors 

In 1930 I obtained a copy of “A Dictionary of Color’? by A. Maerz and M. Rea Paul 
(McGraw Hill Book Co., N. Y.), and, aside from its large size—10 in. x 12 in.—I was de 
lighted with its 56 plates each containing 144 different colors, probably most of all becaus« 


they were printed in indestructible form and not subject to the deterioration of either light 
or abrasion. I was delighted, I say, until I attempted to translate my color determina 
tions into prose, only to find that more than half of the colors bore no names. To designat« 
a color as “10 L of Plate 10’ when I desired “orange peel’’ simply would not satisfy me, 
especially when all lighter ‘orange peels”’ to “trufous’’ merely carried numbers from ‘10 B I 
to 10 K.”’ Nevertheless, year by vear I used it together with Ridgway, discovering as | 
went along that it contained too many darker shades and not enough lighter tints 

Thence I was interested in ‘Die Farbenfibel’’ by Wm. Ostwald (Leipzig, 1920), and, at 
last, when I became « Fellow of the Royal Horticultural Society, in its great horticultural 
color chart produced under the supervision of Robert F. Wilson. There are two volumes of 
the loose-leaf charts, the first “including 64 full hues comprising equal gradations of the 
Spectrum Range, and certain lighter tints and deeper full hues;’’ and the second volume, 
likewise 100 sheets, consisting of mostly shaded and grayed hues. Thus in the entire wor! 
800 tints, colors, and shades, are illustrated, and comparison made with both Ridgway and 
Ostwald as well as the ‘Repertoire de Couleurs’ by Rene Oberthur and Henri Dauthenay 
and the names of the ‘British Colour Council.”’ 

The sheets have a glazed finish and are unaffected by light and abrasion. In the aggre 
gate they represent the acme of color nomenclature, even though a complete range of visual 
color differences would doubtless run to the astonishing figure of 4096! All of the colors 
are named 

Many times the Royal Horticultural chart has satisfied me when I have given up with 
Ridgway and Maerz and Paul 

Finally let me say the descriptive prose of mammalogy must not deteriorate into such 
as this imaginary example: “upper parts XI J-7; underparts X11F6; tail VIIT E-5.” 
Criatne T. Barnes, Salt Lake City, Utah. Received April 24, 1948 


A WAR-TIME FUMIGANT SUCCESSFUL 


Shortly after the second World War started it became increasingly difficult to obtain 
the accepted and customary fumigant or insecticide, carbon bisulphide, to use in the care 
of hundreds of storage cases which contain the scientific mammal skins of the Biological 
Surveys collection. While carbon bisulphide proved successful, it was inflammable, and 
under some conditions explosive 

For the past five years ethylene dichloride-carbon tetrachloride mixture has been used 
as afumigant. While its action is more delayed than carbon bisulphide, it is safer to us¢ 
and has proven just as satisfactory. No moths or dermestids were found ir. the storage 
eases at any time 

The cases were treated with ethylene dichloride-carbon tetrachloride mixture regularly 
twice a year in May and October. If the cases were opened frequently while a group of 
specimens was being used for an extended period, they were treated when the study was 
completed 

These storage cases are of three different sizes, ‘‘quarter-unit,’’ “‘half-unit,’’ and “jumbo 
unit.”’ The quarter-unit cases contain 43,904 cubic inches; half-unit cases, 87,808 cubic 
inches; and jumbo-unit cases, 175,617 cubie inches. These cases are constructed of wood 


frame covered with sheet iron, and were described by Jackson (Jour. Mamm. 7: 113, 1926 


In his article he reported on experiments that he and Gerrit 8S. Miller had made with para- 
I 
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dichlorobenzene and carbon tetrachloride, but we continued to use the accepted insecticide, 
carbon bisulphide, as long as it was available, to 1943 
Ethylene dichloride-carbon tetrachloride mixture was used in the 


same method as was 
carbon bisulphide (Jackson, 1926). 


This successful five-year use of ethylene dichloride- 
as an insecticide on a large scale such as used in the Biological 
Surveys collection should be of interest to museum curators.—Viota S. Scuanrz, U. S. 
Fish and Wildlife Service, Washington, D.C. Received July 10, 1948. 


carbon tetrachloride mixture 
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Afrika. Palaeontographica, Stuttgart, vol. 94, Abt. A, pp. 43-133, pls. 3-23. 
1942. (New: Papio (Simopithecus) serengetensis, Serengetilagus praecapensis, 
Xerus janenschi, Heterocephalus quenstedti, Mungos palaeoserengetensis, Mungos 
palaeogracilis, Archidiskodon exoptatus, Metaschizotherium hennigi, Notochoerus 
serengetensis, Okapia stillei, Simatherium kohllarseni) 

DowntnG, Stuart C. The walrus. Canadian Nat., Toronto, vol. 10, no. 1, pp. 28-29, 
illus. January-February, 1948. 

Downinc, 8. C. A provisional check-list of the mammals of Ontario. Royal Ontario 
Mus. Zool., Toronto, mise. publ. no. 2, pp. 1-11. 1948. 

Down1neG,8.C. Red fox. Canadian Nature, Toronto, vol. 10, no. 1, p. 9, illus. 
February, 1948. 

DowninG, Stuart C. Moose and wapiti. Canadian Nature, Toronto, vol. 9, no. 4, pp. 
126-127, illus. September-October, 1947. 

Dressen, Eppy. How much wood could a... ? Sports Afield, Minneapolis, vol. 119, no. 
3, pp. 52-53, 112-113. March, 1948. (Woodchuck) 

Dry, F. W., A. Srewarr Fraser, anp G. M. Wricur. Mendelian inheritance in New 
Zealand romney sheep. Nature, London, vol. 160, no. 4071, p. 646. November 
8, 1947. 

Dukes, H. H. The physiology of domestic animals (6th ed.). Comstock Publ. Co 
Ithaca, N. Y., pp. xii + 817, illus. 1947. 

Dymonp, J. R. Wildlife management. Canadian Nature, Toronto, vol. 9, no. 4, pp. 113- 
121, illus. September-October, 1947. 

East, Ben. Killer of the swamps. Field and Stream, New York, vol. 52, no. 10, pp. 50-51, 
74, 108-110, illus. February, 1948. (Mink, cottontail, muskrat) 
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Exuior, Bos. Fire—fish and wildlife. Hunting and Fishing, Philadelphia, vol. 25, no. 2, 
pp. 48-49. February, 1948. 

Estremera, H. R., anp W. Armstronac. Effect of protein intake on the bones of mature 
rats. Jour. Nutrition, Philadelphia, vol. 35, no. 5, pp. 611-618. May 10, 1948. 

Frevp, Witt1am H. Muskrats and muskrat farming. Wisconsin Conserv. Bull., Madison, 
vol. 13, no. 8, pp. 9-13, illus. August, 1948. 

Fisner, Byron M. Killer bears and moose. Rod and Gun in Canada, Montreal, vol. 49, 
no. 10, pp. 8, 29-31, illus. March, 1948. 

Fircn, Henry 8. Ecology of the California ground squirrel on grazing lands. American 
Midland Nat., Notre Dame, vol. 39, no. 3, pp. 513-596, figs. 28. May, 1948. 

FirzpaTrick, FLorence K. Susceptibility to typhus of rats on deficient diets. Amer. 
Jour. Publ. Health, Albany, vol. 38, no. 5, pp. 676-681. May, 1948. 

FLOWER, SraNLey 8. Further notes on the duration of life in mammals.—The alleged and 
actual ages to which elephants live. Proc. Zool. Soc. London, vol. 117, no. 4, 
pp. 680-688. 1948. (Indian and African elephants do not attain an age of 70 
years 

Fow.e, C. Daviv. Wildlife research in Algonquin Park. Sylva, Toronto, vol. 4, no. 1, 
pp. 51-58, illus. 1948. 

Fox, Irvine. Ornithodoros puertoricensis, a new tick from rats in Puerto Rico. Jour 
Parasitol., Baltimore, vol. 33, no. 3, pp. 253-259. June, 1947. 

Fraser, F. C. Sound emitted by dolphins. Nature, London, vol. 160, no. 4074, p. 759. 
November 29, 1947 

GABRIELSON, IRA N. Prescription for wildlife. Pennsylvania Game News, Harrisburg, 
vol. 17 [18], no. 12, p. 11. March, 1948. 

GABRIELSON, Ira N. Wildlife management. Texas Game & Fish, Austin, vol. 6, no. 2, 
pp. 4, 11, 18. January, 1948. 

GarpbNER, Ernest. Conduction rates and dorsal root inflow of sensory fibers from the 
knee joint of the cat. Amer. Jour. Physiol., Baltimore, vol. 162, no. 2, pp. 436 
445. February 1, 1948. 

Gawn, R.W.L. Aspects of the locomotion of whales. Nature, London, vol. 161, no. 4080, 
pp. 44-46, figs. 1-4. January 10, 1948 

GERSHENSON, 8. Distribution of b ack hamster in the Ukrainian 8. 8. R., Compt. Rend 
(Doklady) Acad. Sci. URSS, vol. 47, pp. 598-601. 1945. 

Gersre_L, Ricuarp. An analysis of Pennsylvania black bear kills 1939-1941. Pennsyl- 
vania Game News, Harrisburg, vol. 17 [18], no. 11, pp. 8-9, 27, 32, illus 
February, 1948 

GitteaAM, Cuas. E. Trouble in Alaska. Outdoors, Dayton, vol. 16, no. 5, pp. 18-19, 56-57, 
illus. May, 1948. (Moose, caribou, wolves, coyotes, Dall sheep) 

Goss, Lzonarp J. The external genitalia of the gorilla, Gorilla gorilla gorilla (Savage and 
Wyman). Zoologica, New York, vol. 32, no. 2, pp. 97-99, pl. 4. 1947. 

Green, Harotp T. When the lions helped out. Frontiers, Lancaster, vol. 12, no. 3, pp 
77-79, 95, 97, illus. February, 1948. 

Greoe, H. Raymonv. The magnificent rodent. Sci. Monthly, Lancaster, vol. 67, no. 2 
pp. 73-82, illus. August, 1948. (American beaver) 

Gross, H. Ein subfossiler Rangifer tarandus—Fund in Ostpreussen. Abhand!. Naturw 
Ver., Bremen, vol. 32, pp. 64-76. 1942. 

Gunn, C.K. Treatment of earmite diseases in foxes. American Fur Breeder, Duluth, vol 
20, no. 11, p. 44. May, 1948. 

Gunston, Davipv. Ears of the wild. Fauna, Philadelphia, vol. 10, no. 1, pp. 23-24. 
March, 1948. 

Hamitron, W.J.,JR. A new mink from the Florida Everglades. Proc. Biol. Soc. Washing- 
ton, vol. 61, pp. 139-140. September 3, 1948. (New: Mustela vison evergladensis) 

liammes, C. H. Retriever Dogs: The sportsman’s pal. South Dakota Conserv. Digest, 
Pierre, vol. 15, no. 3, pp. 1, 11, illus. March, 1948. (Labrador and Chesapeake 
retrievers) 
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Hansen, Merie F. Schizorchis ochotonae n. gen., ». sp., of anoplocephalid cestode. 
Amer. Midland Nat., Notre Dame, vol. 39, no. 3, pp. 754-757, figs. 7. May, 1948. 
(From Ochotona princeps figginsi) 

Harrerius, Hans O., anv Gro. L. Matson. Experimental hypothermia and rewarming in 
the dog recovery after severe reduction in body temperature. Amer. Jour. 
Physiol., Baltimore, vol. 152, no. 2, pp. 225-282. February 1, 1948 

Harrison, R.G. Vascular patterns in the testis, with particular reference to Vacropus. 
Nature, London, vol. 161, no. 4089, pp. 399-400, illus. March 13. 1948. 

Hayman, R. W.,R. E. Moreau, ano G.H. E. Horxins. The type-localities of some African 
mammals. Proc. Zool. Soc., London, vol. 115, pts. 3 & 4, pp. 387-447. February, 
1946. 

Harman, R. W., anv G. H. Swynnerton. On the type-locality of Raphicerus campestris 
neumanni (Matschie). Ann. & Mag. Nat. Hist., London, ser. 11, vol. 12. pp. 
137-139. February, 1945. 

Hayman, R.W. Expedition to South-West Arabia. 1937-38. 1. Mammalia Chiroptera. 
British Mus. Nat. Hist., vol. 1, nos. 1-8, pp. 1-2. February 22, 1941. 

Harman, R. W. Systematic notes on the genus Idiurus (Anomaluridae). Ann. & Mag. 
Nat. Hist., London, ser. 11, vol. 13, pp. 208-212. March, 1946. 

Hayman, R. W. A new Scotonycteris, with notes on other Gold Coast bats. Ann. & Mag. 
Nat. Hist., London, ser. 11, vol. 12, pp. 766-775. November, 1945. 

HERRMANN, Heinz, anv J.S. Nicno.as. Quantitative changes in muscle protein fractions 
during rat development. Jour. Exper. Zool., Philadelphia, vol. 107, no. 2, pp. 
165-176, pls. 1-8. Mareh, 1948. 

HERRMANN, Heinz, ano J.S. Enzymatic liberation of inorganic phosphate from 
adenosinetriphosphate in developing rat musele. Jour. Exper. Zool., Philadel- 
phia, vol. 107, no. 2, pp. 177-181. March, 1948 

Hint, W.C. Osman. An undescribed structure in the rodent rhinarium. Nature. London, 
vol. 161, no. 4086, pp. 276-277. February 21, 1948. 

HseL.e, Brannt V. The mink in North Dakota. North Dakota Outdoors, Grand Forks. 
vol. 10, no. 9, pp. 12-14, illus. March, 1948 

Hosson, A. D. The physiology and cultivation in artificial media of nematodes parasitic 
in the alimentary tract of animals. Parasitol., London, vol. 38, no. 4. pp. 183- 
227. February, 1948. 

Hoormmr, D. A. A new race of the leaf monkey Presbytis aygula (L.) from Deli, north- 
eastern Sumatra. Proce. Koninklijke Nederl. Akad. Wetenschappen, Amster 
dam, vol. 51, no. 2, pp. 234-237. 1948. (New: Presbytis aygula margae 

Hoover, D. A. Rhinoceros sondaicus Desmarest from kitchen-middens of Bindjai 
Tamiang, North Sumatra. Geologie and Mijnbouw, n. s., vol. 10, pp. 116-117. 
1948. 

Hoover, D. A. Prehistoric teeth of man and of the orang-utan from central Sumatra, with 
notes on the fossil orang-utan from Java and southern China. Zoologische 
Mededeelingen, vol. 29, pp. 175-301, pls. 9. 1948. (New: Pongo pygmaeus pala- 
eosumatrensis 

Jaun, Gunnar, BirGer Bercersen, anv Haraup B. Pautsen. International Whaling 
Statistics. NVITI. Det Norske Hvalrads Statistiske Publikasjoner, Oslo, pp. 
1-75. 1948 

Jensen, Pout Vatentin. Lidt om danske Pattedyrs Faert og Faertorganer. Naturens 
Verden, K@benhavn, 25 Aaargang, Heft 6, pp. 241-266, figs. 24. 1941 

Jepsen, GuENN L. Genetics, paleontology, and evolution. Princeton University Bi 
centennial Conference. Publ. Prineeton Univ., ser. 2, conference 3, pp. 1-36. 
1948. 

Jounson, HarAup \ Derriengue: Vampire bat rabies in Mexico. Amer. Jour Hygiene, 
Baltimore, vol. 47, no. 2, pp. 189-204. March, 1948. 

Junqueira, Luiz Cartos Evcitypes Onorre Marrins. Atlas de Anatomia 
Microseépica do Rato. Publ. Univ. Sao Paulo, pp. 1-142, figs. 132. 1947. 


‘ 


1 


88 JOURNAL OF MAMMALOGY Vol. 30, No. 1 


Karpius,S. Foveal tritanopia. Nature, London, vol. 160, no. 4071, p. 647. November 8, 
1947. 

~ ELEMEN,GEorGE. The nasal cavity of the rat in pharmacological and other experimenta- 
tion. Science, Lancaster, vol. 107, no. 2776, pp. 273-274. March 12, 1948. 

KELEMEN, GeorGE. The anatomical basis of phonation in the chimpanzee. Jour. Mor 
phol., Philadelphia, vol. 82, no. 2, pp. 229-256. March, 1948. 

Kirk, R. J. Notes on feeding foxes and mink. Fur of Canada, Winnipeg, vol. 13, no. 5, 
p. 3. February, 1948 

Kisuipa, Kyuxicut. Note on a Japanese bat Murina hilgendorfi (Peters, 1880). Zool. 
Mag., Tokyo, vol. 53, no. 12, pp. 585-586. 1941. (In Japanese) 

KJELGAARD, Jim. Do deer seare easily? Field and Stream, New York, vol. 52, no. 10, 
pp. 60-61, 107-108, illus. February, 1948. 

Kiarr, Berrno.tp. Haustier und Mensch. Richard Hermes Verlag, Hamburg, pp. 1-95, 
figs. 33. 1948. (Domesticated mammals) 

KNow1ine, Puitir. A hunter against the seal herds. Carling Conserv. Digest, Toronto, 
vol. 1, no. 3, pp. 11-12, illus. July, 1947. 

KocHakian, Cuas. D. Histochemical study of alkaline phosphatase of the kidney of the 
castrated mouse after stimulation with various androgens. Amer. Jour. Physiol., 
Baltimore, vol. 152, no. 2, pp. 257-262. February 1, 1948. 

Konts, ALEXANDER. A variation of colour in the common wolf and its hybrids with domes 
tic dogs. Proc. Zool. Soc. London, vol. 117, no. 4, pp. 784-790, pls. 3. 1948. 

Kosrron, K. Pruzkum bobfich osidleni-Castor fiber L.-v. provodi feky Zegulanky v 


nocdlech rokytenskfch. [Beaver colonies of the Zegulanka river in the moor 
lands of White Russia] Sbornik Klubu Pfirodovédeckéno, Brno, vol. 26, pp 
55-63, figs. 4 1946 


KreMeR, WILLEM F. Blood pressure changes in response to electrical and chemical stim- 
ulation of the cerebral cortex in dogs. Amer. Jour. Physiol., Baltimore, vol 
152, no. 2, pp. 314-323. February 1, 1948 

KUHLHORN, F. Ein Fall yon Melanismus bei der Giirtelmaus (Chlamylophorus truncatus 
Harlan). Zool. Anz., Leipzig, vol. 132, nos. 7-8, pp. 190-193, figs. 2. 1940. 

KUHLHORN, Friepricu. Das Riesengiirteltier (Priodontes giganteus E. Geoffr.) Zool 
Garten, Leipzig, N. F., vol. 10, nos. 3-4, pp. 107-114. September, 1938. 

La Dun, Harry J. The Stewart platinum mink. American Fur Breeder, Duluth, vol. 20, 
no. 8, pp. 12, 14, illus. February, 1948. 

LAeMMER?, li. W.,Jx. Studies on susceptibility of neotropical rodents to different strains 
of yellow fever virus. Amer. Jour. Trop. Med., Baltimore, vol. 28, no. 2, pp. 
231-246. March, 1948. 

LAMSTER, Duke. Antelope rifles. South Dakota Conserv. Digest, Pierre, vol. 15, no. 2, 
pp. 6, 12. February, 1948. 

Lane, H. H. Survey of the fossil vertebrates of Kansas. Part 5, Mammalia. Trans. 
Kansas Acad. Sci., Topeka, vol. 50, no. 2, pp. 130-161, figs. 5, 1947; vol. 50, nos 
3-4, pp. 273-314, figs. 9, 1947; vol. 51, no. 1, pp. 29-76, figs. 15. 1948 

Lancer, Perer H. Sulfonamides in fur animal work. Natl. Fur News, Denver, vol. 20, 
no. 1, pp. 17, 38. February, 1948. 

LapaGe, G. Parasitic animals and the world’s food. Endeavour, London, vol. 7, no. 25, 
pp. 27-31. January, 1948. (Damage to domestic mammals) 

LazetLt, L. T. The dog Llewellin planned. Field and Stream, New York, vol. 53, no. 5, 
pp. 128, 130-133, illus. September, 1948. (History of the English Setter and its 
strain the Llewellin) 

LeecuMaN, Dovuaias. Caribou for Chipewyans. The Beaver, Winnipeg, Outfit no. 278, 
pp. 12-18, illus. March, 1948. 

Lippincorr, Joseph W. The reds and the grays. Fauna, Philadelphia, vol. 10, no. 1, pp 
20-22, illus. March, 1948. 

Macartney, J. Concerning the deer situation. Sylva, Toronto, vol. 3, no. 2, pp. 17-18, 
illus. 1947. (Some Ontario deer kill statistics) 
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Macutia, Estner 8. The immunochemistry of mouse tissue components. III. A com- 
parison of the antigenic composition of embryonic mouse organs with that of 
adult mouse organs and with mouse tumors. Yale Jour. Biol. Med., New Haven, 
vol. 20, no. 5, pp. 465-472. May, 1948. 

Mansvetti, Romeo. North America’s smallest mammal. Nat. Mag., Washington, vol. 
41, no. 2, pp. 79-80. February, 1948. 

MANVILLE, Ricnarp H. The vertebrate fauna of the Huron Mountains, Michigan. Ameri- 
can Midland Nat., Notre Dame, vol. 39, no. 3, pp. 615-640, fig. 1. May, 1948. 

Marsu,D.B. Rattinginthe Delta. The Beaver, Winnipeg, Outfit no. 278, pp. 32-35, illus. 
March, 1948. (Muskrat) 

Mayer, JEAN. Influence of vitamin A deficiency on the gross efficiency of growth of rats. 
Yale Jour. Biol. Med., New Haven, vol. 20, no. 4, pp. 403-405. March, 1948. 

McKean, Wm. T. Winter foods of North Dakota predatory animals. North Dakota Out- 
doors, Grand Forks, vol. 10, no. 8, pp. 5-6. February, 1948. 

McLavuGuian, J. C., anp W. M. Henperson. The occurrence of foot-and-mouth disease 
in the hedgehog under natural conditions. Jour. Hygiene, London, vol. 45, no. 
4, pp. 474-479, pls. 11. February, 1948 

Merner, F. The lopsided doe. Sylva, Toronto, vol. 4, no. 1, p. 43. 1948. (Antlered 
white-tailed doe 

Mitier, M.J. Studies on the life history of Trichocephalus vulpis, the whipworm of dogs. 
Canadian Jour. Research, Ottawa, sect. D, vol. 25, no. 1, pp. 1-11, figs, 21, pls. 
3. April 5, 1947 

Mour, Erna. Noch eine alte Wisent-Darstellung von Roelant Savary. Ber. Internat. 
Ges. zur Erhaltung des Wisents, vol. 3, no. 5, pp. 312-313, pl. 31. December 20, 
1943. 

Mour, Erna. Die ehemalige Hamburger Zucht des Schomburgk-Hirsches, Rucervus 
schomburgki Blyth. Zool. Anz., Leipzig, vol. 142, nos. 1-2, pp. 30-35, figs. 4. 
April 4, 1943. 

Mour, Erna. Sekundiires Wachstum der Robbenziihne. Sitz.-ber. Gesell. naturforsch. 
Freunde, pp. 258-260. March 1, 1943. 

Monr, Erna. Alterstod und Zahnverhiiltnisse beim Schlitzriissler, Solenodon paradoxus 
Brandt. Zool. Anz., Leipzig, vol. 141, nos. 11-12, pp. 264-268, fig. 1. March 31, 
1943. 

Mour, Erna. Ein Fell der Bandrobbe, Histriophoca fasciata Zimm. Zool. Anz., Leipzig, 
vol. 139, nos. 7-8, pp. 142-143, figs. 2. December 1, 1942. 

Monr, Erna. Die Gattung Dolichotis Desmarest 1820. Zool. Anz.. Leipzig, vol. 140 
nos. 7-8, pp. 110-125, figs. 8. December 1, 1942. 

Monr, Erna. Tragzeitverhiltnisse der Robben. Zool. Anz.., Leipzig, vol. 139, nos. 9-10, 
pp. 176-183. September 19, 1942. 

Mour, Erna. Haus- und Dachratten-Fragen. Biologisches Zentralblatt, Leipzig, vol. 
67 (1948), no. 7-8, pp. 367-372. 1948. 

Mour, Erna. Geschlectsunterschiede am Walross-Schiidel. Zool. Anz., Leipzig, vol. 137, 
nos. 5-6, pp. 71-76, figs. 5. February 15, 1942. 

Mour, Erna. Schwanzverlust und Schwanzregeneration bei Nagetieren. Zool. Anz., 
Leipzig, vol. 135, nos. 3-4, pp. 49-65, figs. 14. August 1, 1941. 

Mour, Erna. Saugetiertypen im Zoologischen Museum Halle a. S. Zeitschr. f. Naturw., 
Halle a. 8., vol. 94, pp. 215-226. 1941. (New: Mus junghuhni) 

Monr, Erna. Solenodon, der “Rinnenzahn.”’ Zool. Anz., Leipzig, vol. 126, nos. 3-44, 
pp. 94-95. May 1, 1939. 

Mour, Erna. Kleine Beobachtungen am lebenden Riesengriiteltier. Zool. Garten, Leip- 
zig, N. F., vol. 10, nos. 5-6, pp. 198-202, figs. 6. 1939. 

Mour, Erna. Akromelanismus bei Mus musculus L. Zool. Ans., Leipzig, vol. 126, nos. 
1-2, pp. 45-46. April 15, 1939. 

Moopy, Paut A. Cellular antigens in three stocks of Peromyscus maniculatus from the 
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Columbia River Valley. Contrib. Lab. Vertebrate Biol., Univ. Michigan, Ann 
Arbor, no. 39, pp. 1-16, figs. 2. March, 1948. 

Morrison-Scorr, T. C. 8. <A revision of our knowledge of African elephants’ teeth, with 

notes on forest and “pygmy” elephants. Proc. Zool. Soc., London, vol. 117, 
pts. 2 & 3, pp. 505-527, fig. 1, pls. 3. 1947. 

Mossy, Henry 8. Virginia animals everyone should know. The foxes of Virginia—a con 
troversial subject. Virginia Wildlife, Richmond, vol. 9, no. 5, pp. 8-10, illus. 
May, 1948. 

Nason, Etteen Srtnciairn. Morphology of hair of eastern North American bats. Amer. 
Midland Nat., Notre Dame, vol. 39, no. 2, pp. 345-361, figs. 2. March, 1948. 

Nig, Dasnvu. The structure and division of Chilomastix intestinalis Kuezyuski, with notes 
on similar forms in man and other vertebrates. Jour. Morphol., Philadelphia, 
vol. 82, no. 3, pp. 287-329, pls. 1-5. May, 1948. 

O’Day, Kevin. Visual cells of the guinea pig. Nature, London, vol. 160, no. 4071, p. 648. 
November 8, 1947. 

Oucese, ORLANDO, P. B. Pearson, anv B. 8S. Scuweicerr. The synthesis of certain B 
vitamins by the rabbit. Jour. Nutrition, Philadelphia, vol. 35, no. 5, pp. 577- 
590. May 10, 1948 

Otsen, Letanp 8. A new trichostrongylid nematode from the pika, Ochotona princeps 
figginsi. American Midland Nat., Notre Dame, vol. 39, no. 3, pp. 748-753, figs. 
9. May, 1948 


OsmuN, Roy. New version of old story. Michigan Consery., Lansing, vol. 17, no. 2, pp. 6, 


12. February 1948. (Deer hunting over 20 years) 

Orr, Grorce L. What causes bladder stones American Fur Breeder, Duluth, vol. 20, 
no. 9, p. 28. March, 1948 Mink 

Peckuam, B. M., R. R. Greene, ann M. FE. Jerrrtes. Granulosa cell tumors in female 


rats and rabbits. Sciences, Lancaster, vol. 107, no. 2778, pp. 319-320. March 
26, 1948 

Permack, Ase. The fur market. National Fur News, Denver, vol. 20, no. 2, pp. 13, 
34-35. March, 1948 

Pererson, R. L. Moose research project. Carling Conserv. Digest, Toronto, vol. 1, no 
+, pp. 344, illus. October, 1947. 

Cornetius B. Observations on Tsutsugamushi disease (mite-borne or serub 
typhus) in northwest Honshu Island, Japan, in the fall of 1945. I. Epidemiolog 
ical and ecological data. Amer. Jour. Hygiene, Baltimore, vol. 46, no. 1, pp. 
15-59, figs. 8. July, 1947. 

Poitir, Cornevivs B. Observations on Tsutsugamushi disease (mite-borne or scrub 
typhus) in northwest Honshu Island, Japan, in the fall of 1945. II. Systematic 
comment on the Japanese vole-mites. Amer. Jour. Hygiene, Baltimore, vol. 
46, no. 1, pp. 60-65. July, 1947. 

Puitip, Cornettus anv Turovore E. Woopwarv. Tsutugamushi disease (scrub or 
mite-borne typhus) in the Philippine Islands during American reoccupation in 
1944-45. Il. Observations on trombiculid mites. Jour. Parasitology, Balti 
more, vol. 32, no. 5, pp. 502-513. October, 1946. 

Purtip, CorNELIUs B., anv Takeo Tamiya. Note on the field mouse, A podemus speciosus, 
as a mite host in Yamagata-Ken. Nippon Eiseigaku Zasshi (Japanese Jour. 
Health), vol. 1, no. 1, pp. 15-16. August, 1946. 

Pocock, R. I. The skull characters of some of the forms of sambar (Rusa) oceurring to 
the east of the Bay of Bengal. Pt.3. Ann. & Mag. Nat. Hist., London, ser. 11, 
vol. 10, pp. 191-196. March, 1943. 

Pocock, R. I. The abnormal last molar in the sambar of the Bonin Islands. Ann. & Mag. 
Nat. Hist., London, ser. 11, vol. 9, p. 391, figs. 3. May, 1942. 

Pocock, R. I. The examples of the colocolo and of the pampas cat in the British Museum. 
Ann. & Mag. Nat. Hist., London, ser. 11, vol. 7, pp. 257-274. March, 1941. 
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Pocock, R. I. Some structural variations in the second upper premolar of the lesser one- 
horned rhinoceros (Rhinoceros sondaicus). Proc. Zool. Soe., London, vol. 115 
pts. 3 & 4, pp. 306-309, fig. 1. February, 1946. 

Pocock, R. I. A sexual difference in the skulls of Asiatic rhinoceroses. 
London, vol. 115, pts. 3 & 4, pp. 319-322. February, 1946. 

Pocock, R. I. The larger deer of British India. Part 3. The sambar (Rusa). Jour. 
Bombay Nat. Hist. Soc., Bombay, vol. 44, no. 1, pp. 27-37, figs. 5. August, 1943. 

Pocock, R.I. The identity of the genotype of Rhinoceros Linn. Ann. & Mag. Nat. Hist., 
London, ser. 11, vol. 11, pp. 616-618. September, 1944. 

Pocock, R.I. Some cranial and dental characters of 


Proc. Zool. Soc., 


the existing species of Asiatic rhinoc- 
eroses. Proc. Zool. Soc., London, Pt. 4, vol. 114. pp. 437-450, figs. 5. 1944. 

RANDALL, ORVILLE. Coyotes numerous. South Dakota Conserv. Digest, Pierre, vol. 15, 
no. 2,p. 13. February, 1948. 


Rauscu, Roper, aNp Jack D. Trxer. Studies on the parasitic helminths of the North 


Central States. 1. Helminths of Sciuridae. Amer can Midland Nat., Notre 
Dame, vol. 39, no. 3, pp. 728-747, fig. 1. May, 1948 
Reip, Mary E. Urinary excretion of ascorbie acid by guinea pigs at different ages. Jour. 


Nutrition, Philadelphia, vol. 35, no. 5. pp. 619-627. May 10, 1948 


teip, Russetyi. The gray wolf in North Dakota. Nort} Dakota Outdoors, Grand Forks, 
vol. 9, no. 3, pp. 11-13, illus. September, 1948. (Canis lupus nubilus, in North 
Dakota latest record October 7. 1944, 15 mi. N. of Sentinel Butte. North Dakota; 
5’ weight S85 pounds 


REINHARDT, Paut L. The second mile. American Fur Breeder, Duluth. vol 20, no. 8, 
pp. 8, 10, illus. February, 1948. (Foxes 

Richxy, Kine A. Lower Pliocene horses from Black Hawk Ranch, Mount Diablo, Cali 
fornia. Univ. California Publ., Bull. Dept. Geol. Sci., Berkeley, vol. 28, no. 1 
pp. 1-4, figs. 13, pls. 3. March 3, 1948. (New: Hipparion forcei) 

Ruiz pe Gaona, MAximo. Un yacimiento de mammiferos pleistocénicos en Olaz: 


igutia 
(Navarra). [A deposit of Pleistocene mammals in Olazagutia, Navarre] Bol. 
R. Soc. Espanola Hist. Nat., Santiago, vol. 39, no. 3 & 4, pp. 155-160. 1941. 

Rutter, R. J. A lifetime of conservation. Carling Conserv. Digest, Toronto, vol. 1 
no. 3, pp. 2-3, illus. July, 1947. (Obit. of W. E. Saunders) 

SALA DE CASTELLARNAU, Ignacio. Un extrafio cetaceo en las costas de Valencia Ziphius 
cavirostris, Cuvier. Anales Asoc. Espafiola Progreso Cien., Rey Trimestral, 
Madrid, afio 10, no. 3, pp. 576-583, illus. 1945 

SAUERBREI, M. Mad moose. Sylva, Toroito, vol. 4, no. 1. p. 43. 1948. 

Sawin, P. B., anp M. A. Nack. Morphogenetic studies of the rabbit. V 


Inheritance of 
an asymetrical vascular pattern. Jour. Morphol., Philadelphia, vol. 82, no. 3, 
pp. 331-354. May, 1948. 

Scuerrer, Victor B., any Jonn W. Super. The whales and dolphins of Washington State 
with a key to the cetaceans of the west coast of North America. American Mid- 
land Nat., Notre Dame, vol. 39, no. 2, pp. 257-337, figs. 50. March, 1948. 

Scnerer, Luoyp, Jr. The woodland jumper. Nat. Mag., Washington, vol. 41. no. 2, 
pp. 77-78, illus. February, 1948. 

ScHNuIDER, Burcu H. The doctrine of Ahimsa and cattle breeding in India. Sci. 
Monthly, Lancaster, vol. 67, no. 2, pp. 87-92, illus. August, 1948. 

SckRIBNER, ARTHUR. Wildcat hunting in the Maine woods. Hunting and Fishing, Phila- 
delphia, vol. 25, no. 2, pp. 55, 96, illus. February, 1948. 

SEVERINGHAUS, C.W. Winter deer mortality and this fall’s hunting prospects. New York 
State Conservationist, Albany, vol. 3, no. 1, p. 29. August-September, 1948. 
(Over browsing and starvation of deer herd: over 1000 deer killed in yards by 
dogs; heavy hunting kills in some areas have helped improve herd) 

SHACKELFORD, Ricnarp M., anp Leon J. Coe. “Serew neck’ in the pastel color phase of 
ranch-bred mink. Natl. Fur News, Denver, vol. 20, no. 1, pp. 23, 26-27, 29, 
illus., February, 1948, vol. 20, no. 2, pp. 19, 30-31, 35, illus. March, 1948. 
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SHeenan, Jonn F. A cytological study of the cartilage cells of developing long bones of 
the rat, with special reference to the golgi apparatus, mitochondria, neutral-red 
bodies and lipid inclusions. Jour. Morphol., Philadelphia, vol. 82, no. 2, pp. 
151-199, pls. 1-5. March, 1948. 

Suerman, H. B. A new subspecies of Geomys from Florida. Proc. New England Zool. 
Club, Cambridge, vol. 23, pp. 37-40. 1944. 

SHoeMAKER, Henry W. The disappearance of the wapitis. Pennsylvania Game News, 
Harrisburg, vol. 17, no. 11, pp. 6, 31. February, 1948. 

SHorMAKeR, Henry W. The Pennsylvania lion. Pennsylvania Game News, Harrisburg, 
vol. 17 [18], no. 12, pp. 6, 27. March, 1948. 

Snupuine, F. H. Grey foxes killed. South Dakota Conserv. Digest, Pierre, vol. 15, no. 
2, p. 13. February, 1948. 

Snyper, L. L. Aquatic behaviour of a jumping mouse. Canadian Field—Nat., Ottawa, 
vol. 61, no. 6, pp. 198-199. February 13, 1948. 

Srorn, Evaene, anv C. A. Etvensem. Growth and reproduction of rats fed army combat 
rations. Jour. Nutrition, Philadelphia, vol. 35, no. 5, pp. 549-558. May 10, 
1948. 

Sporn, W. R. Ruecamer, ano C. A. E:vensem. Studies with monkeys fed army 
combat rations. Jour. Nutrition, Philadelphia, vol. 35, no. 5, pp. 559-575. 
May 10, 1948. 

Srreerer, Prev 8. Skyline fox hunt. Field and Stream, New York, vol. 62, no. 11, pp. 
48-49, 140. March, 1948. (Vulpes fulva hunting on Cat Mountain, between 
Schroon River Valley and Lake George, New York) 

Srorer, Tracy 1. Control of field rodents in California. California Agric. Extension 
Service, Univ. California, cir. 138, pp. 1-51, figs. 23. August, 1947. 

SwirzenserG, D. F. Predator control. Michigan Conserv., Lansing, vol. 17, no. 8, pp. 
6-7, 14, illus. August, 1948. (Predator control efforts reviewed) 

THompson, Struarr L. Recollections of Ernest Thompson Seton. Carling Conserv. Di- 
gest, Toronto, vol. 1, no. 1, p. 2, illus. January, 1947. (Seton’s nephew) 

Tuorinaton, J. Monroe. The pronghorn in New Spain. Frontiers, Lancaster, vol. 12, 
no. 3, pp. 67-69, illus. February, 1948. 

Turapr, Dan L. South America’s wild camels. Fauna, Philadelphia, vol. 10, no. 1, pp. 
9-13, illus. March, 1948. (Vicuna) 

Tinen, J. A., D. R. Cuaries, anp THEopore O. Inherited visceral inversion in 
mice. Jour. Heredity, Baltimore, vol. 39, no. 1, pp. 29-31. January, 1948. 

Toner, G.C. Thedeer. Carling Conserv. Digest, Toronto, vol. 1, no. 1, pp. 10-11, illus. 
January, 1947. (White-tailed, mule) 

Toner, G. C. The danger of over protection. Carling Conserv. Digest, Toronto, vol. 1, 
no. 2, p. 13. April, 1947. (Moose on Isle Royale) 

Trron, C. A., Jr. The biology of the pocket gopher (Thomomys talpoides) in Montana. 
Montana State College Agric. Exper. Station, Bozeman, Technical Bull. 448, 
pp. 1-30, figs. 13. December, 1947. 

Turcorre,W.H. The fox situation. Mississippi Game and Fish, Jackson, vol. 11, no. 8, 
pp. 3-5,7. February, 1948. 

VAN DEN Bring, F. H. Catalogue des mammiferés des Pays-Bas trouvés & |’état sauvage. 
3ull. Soc. Zool. France, Paris, vol. 56, no. 2, pp. 163-190. 1931. 

VAN DEN Brink, F. H. Observations mammalogiques dan les Pays-Bas. 1. Tijdschrift 
der Ned. Dierkunde Vereeniging, Leiden, ser. 3, vol. 2, no. 1, pp. 43-46. 1930. 

Vanura, J. Nalez piZmoné—Ovibos moschatus wardi Lydekker v Moravském krasu 
Rospravy ¢eské Akad. véd. a uméni, vol. 2, pt. 1, no. 14, pp. 1-30, figs. 11, pls. 4. 
1943. (In Pleistocene, Moravian Karst 

Vos, A. ve Status of the woodland caribou in Ontario. Sylva, Toronto, vol. 4, no. 1, pp. 
16-23, illus. 1948. 
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Weasr, E. O., Mary Groopy, anp AGNes Fay Morean. Utilization by dogs of the nitro- 
gen of heated casein. Amer. Jour. Physiol., Baltimore, vol. 152, no. 2, pp. 
286-301. February 1, 1948. 

Weaver, Mark L. Ranching the beaver. Natl. Fur News, Denver, vol. 20, no. 1, pp. 
20-21, 41, illus. February, 1948. 

Weipenreicu, Franz. The human brain in the light of its phylogenetic development. 
Sci. Monthly, Lancaster, Pa., vol. 67, no. 2, pp. 103-109, figs. 7. August, 1948. 

Werze., R. M. Additional records of Illinois mammals. Illinois Acad. Sci. Trans., 
Springfield, vol. 40, pp. 228-233. 1947. 

Warton, CHARLES Heizer. Seeking Mindanao’s strangest creatures. Natl. Geogr. 
Mag., Washington, vol. 94, no. 3, pp. 388-408, illus. September, 1948. (Tarsier, 
tree shrew, flying lemur, cloud rat) 

Wueran, R. V. Almost an outcast. Sylva, Toronto, vol. 3, no. 5, pp. 44-46. 1947. 
(Skunk) 

Witurams, C. L. The ship rat. Pest Control and Sanitation, Hollywood, vol. 3, no. 4, 
pp. 8-13, illus. April, 1948. (Rattus, r. rattus, Rattus r. alexandrinus, Rattus r. 
norvegicus, and Mus musculus; life history data and habits) 

Wiiuiams, Roger W. Studies on the life cycle of Litomosoides carinii, filariid parasite 
of the cotton rat, Sigmodon hispidus litoralis. Jour. Parasitol., Lancaster, vol. 
34, no. 1, pp. 24-43, pl. 1. February, 1948. 

Wiuson, J. WAuTER, AND Exizasetu H. Lepuc. The occurrence and formation of binucle- 
ate and multinucleate cells and polyploid nuclei in the mouse liver. Amer. 
Jour. Anat., Philadelphia, vol. 82, no. 3, pp. 353-392, pls. 1-3. May, 1948. 

Wimsarr, Wm. A. The nature and distribution of lipoids in the placenta of the bat (Myotis 
lucifugus lucifugus), with observations on the mitochondria and golgi apparatus. 
Amer. Jour. Anat., Philadelphia, vol. 82, no. 3, pp. 393-468, pls. 1-7. May, 1948. 

Woure, Joria W. Autographs of wild animals. Canadian Nature, Toronto, vol. 9, no. 3, 
p. 96. May-June, 1947. 

Woop, A. A. An opossum in Kent County, Ontario. Canadian Field-Nat., Ottawa, vol. 
61, no. 6, p. 199. February 13, 1948. 

Wricut, Purure L. Breeding habits of captive long-tailed weasels (Mustela frenata). 
Amer. Midland Nat., Notre Dame, vol. 39, no. 2, pp. 338-344. March, 1948. 

Younc, Caune Curen. Budorcas, a new element in the proto-historic Anyang fauna of 
China. Amer. Jour. Sci., vol. 246, no. 3, pp. 157-164, figs. 2. 1948. (New: 
Budorcas tazicola lichii, Budorcas teilhardi) 

Zasinsxi,J. Le Bison d’Europe en Pologne. Bull. Soc. Nation. Acclimation France, 1946, 
no. 3/4, pp. 103-106. 1946. 
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COMMENT AND NEWS 


NOTICE OF ANNUAL MEETING 


The Twenty-ninth Annual Meeting of the Society will be held in Washington, D. C., from 
June 14 to June 17, 1949. Official headquarters will be the Hotel Washington, and regular 
sessions will be held at the National Museum from Wednesday, June 15, through Friday, 
June 17, with the meeting of the Board of Directors at the Hotel headquarters on the even- 
ing of June 14. 

Titles for papers should be submitted to the Corresponding Secretary, Donald F. Hoff 
meister, now. Give the title, time required for presenting your paper, equipment needed 
for its presentation, and a brief summary if you desire. Papers are urgently needed to make 
the program a success. If titles are submitted early enough, papers of a common interest 
can be arranged so they will be presented consecutively on the program. Submit a title. 

The local committee on arrangements is as follows: 


Hartley H. T. Jackson, Chairman, David H. Johnson 
Marshall C. Gardner, Treasurer, William M. Mann 
Victor H. Cahalane Clifford C. Presnall 
Leo K. Couch Lloyd W. Swif 
David E. Davis Ernest P. Walker 
Raymond C. Gilmore Howard Zahniser 


TECHNICAL NAMES FOR THE FALLOW DEER AND VIRGINIA DEER 

The International Commission on Zoological Nomenclature, in session during the July, 
1948, Zoological Congress in Paris, acted upon the problem of the generic names for the 
fallow deer and Virginia deer. According to information contained in a letter received 
from Mr. T. C. 8. Morrison-Scott, who attended the meetings, the Commission exercised 
its plenary powers to validate Dama for the fallow deer on the grounds that confusion would 
arise if Dama were used for the Virginia deer. Until the International Commission on 
Zoological Nomenclature puts into circulation copies of its official decision showing the 
proper citations, it is recommended that Dama H. Smith and Odocoileus Rafinesque for the 
fallow deer and Virginia deer, respectively, be treated as nomina conservanda 

The writer takes this opportunity to thank his colleagues for their replies to his circular 
letter of May 10, 1948, requesting opinions on the subject as set forth in the April 30, 1948, 
Proceedings of the Biological Society of Washington (vol. 61, pp. 41-48).—Puxrup 
HERSHKOVITZ 


H. H. BAILEY MOVES COLLECTIONS 


The collections and library of the Bailey Museum of Natural History have been moved 
from Coral Gables, Florida, to the Rockbridge Alum Springs Biological Laboratory, Goshen, 
Virginia. It is expected that the new museum will be open about June 1, 1949. 


DATE OF JSSUE OF PREVIOUS NUMBER 
Vol. 29, No. 4, Journal of Mammalogy, mailed December 31, 1948 
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OBITUARY NOTICES 
JAMES LAWRENCE CHAWORTH-MUSTERS 


James Lawrence Chaworth-Musters died unexpectedly in London on April 12, 1948, at 
the age of 46. He was apparently in good health, and in the best of spirits, and filled with 
enthusiasm for what he referred to as his ‘magnum opus.’ 

Born on July 1, 1901, he was the youngest son of the late Mr. and Mrs. J. P. Chaworth- 
Musters of Annesley Park, Nottinghamshire. After leaving his private school near Hert- 
ford he went to Rugby. Here he was never very keen on games though he became a good 
cross-country runner and, in later life, a very good shot with both gun and rifle. His chief 
out of school activity was the study of natural history in the field. 

After leaving Rugby he went up to Cambridge, to Caius College, where he first of all 
began to read medicine, but later gave up the idea of becoming a doctor and read geography 
instead. This latter subject remained an interest of his for life and he was an active and 
enthusiastic Fellow of the Royal Geographical Society. 

As a young man he inherited from his father a mountain estate on the west coast of Nor- 
way, near Surendal, and here for many years he spent the summer months, making field 
studies of mammals and birds. 

His main interest in life was the systematics of mammals and, except for the war period, 
he was for the last twenty years a regular worker in the Mammal Room of the British Mu- 
seum (Natural History). As a systematist his knowledge was deep and his critical judge- 
ment extremely sound. He belonged to the ‘lumpers,’ as indeed do all good modern work- 
ers, and all his work was directed in an uncompromising manner to defining the species. 
The genera and subspecies interested him not a bit— it was the fundamental thing, the real 
thing, the species. 

He published very little, unfortunately. This was due in part to a restlessness which 
made him intolerant of paper work; he had the details of his subject in his head and it was 
merely a bore to write them down when he could be better occupied in new research. But 
perhaps it was due chiefly to a passion for truth and a feeling that once a thing is published 
it cannot be retrieved. The thing had to be exact and perfect before being committed to 
print. There is much to be said for this outlook and if the badly served fare of some work- 
ers had been more carefully prepared the systematist of today would not be suffering from 
such indigestion. But he took far too modest a view of himself and it is a great pity that 
he did not publish more. His ‘magnum opus’ was a checklist of the Palaearctic mammals, 
for which he has left a great deal of manuscript. Apart from the systematic interest of the 
work, its publication will prove of great value on account of the remarkably erudite research 
on type localities which he put into it. There will be some difficulty with his handwriting 
which was paradoxical in being at the same time very neat yet almost illegible. 

He made various expeditions in order to solve certain problems in connection with his 
work and these took him at various times to Jan Mayen Land, Cyrenaica, Greece, Russia, 
Morocco and Afghanistan. He was a very successful collector of birds and mammals and 
his study skins, of mammals at all events, are among the best in the Museum. 

At the outbreak of war in 1939 he was working at the British consulate in Bergen and 
when the Germans invaded Norway he left hurriedly, traveling eastward across the moun- 
tain on ski. The invading forces on the east cut him off and forced him to retrace his steps. 
Eventually he reached the coast and persuaded a fisherman to take him to the Shetlands, 
and brought with him two British soldiers who had been in hiding in a nearby village. On 
his return to England he offered his services to the War Office and was shortly afterwards 
commissioned as a Lieutenant (Special Branch) R.N.V.R. and in this capacity worked with 
4 special service unit of the Royal Norwegian Forces. For this work he received the Nor- 
wegian War Medal. 

As « man he was in many ways a paradox. In personal appearance he was Bohemian and 
disregarded many conventions. Yet with it all he was at heart a country squire and a 
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strong traditionalist. In spite of his usual dress there was, in its leather case in his room 
at the Museum, a top hat, ready for use on formal occasions. And the narrow, plainly 
knitted strips of material which he habitually wore as ties were not, as might have been 
imagined, badges of his unconventionality. They were what schoolboys of his day wore; 
he was used to them and he liked them and he still wore them. And they were in a way the 
key to his character, for he was very much a schoolboy in his heart. He would fly all sorts 
of conversational kites which would lead casual, or pompous, acquaintances to think him 
a bit eccentric, or even a bit of afool. How mistaken they were, and what very good value 
his company was to the discerning. 

Perhaps the most delightful feature of his character was that he knew no evil. It was 
not merely that he was a good man. He simply did not know about unkindness, envy, 
greed etc. Which was the chief reason why everyone in the Museum liked him and why, 
quite apart from his technical knowledge, he will be greatly missed, especially by his col- 
leagi2s in the Mammal Room.—T. C. 8. Morrison-Scorrt. 


PAUL RODE 


Dr. Paul Rode, Chef du Service de Museologie au Museum, Paris, died suddenly on 
September 23, 1948. He was 47 years old. 


COURTENAY BRANDRETH 


Mr. Courtenay Brandreth of Ossining, New York, a Life Member of the Society, died 
in November, 1948. 
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